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Management Considerations for Sagebrush (4rtemisia) in the Western United States
Bureau of Land Management

PURPOSE

These management considerations for sagebrush were prepared in response to concerns regarding the
long-term loss, degradation, and fragmentation of sagebrush vegetation (Connelly et al. 2000, Wisdom et
al. 2000, West and Young 2000) throughout the West and attendant declines in populations of plant and
animal species that depend on sagebrush habitats for part or all of their respective life cycles.

This document is intended to be a supplemental referenceto assist BLM field office staff and managers
when authorizing activities that may affect sagebrush communities, and during the revision of land use
and activity plans relevant to sagebrush community management. It is not issued as either management
direction or agency policy. Instead, it presents a selective summary of current information about the
ecology and biology of woody North American sagebrush (4rtemisia) taxa and describes how sagebrush
plant communities and certain species and sub-speciesrespond to management treatments and
disturbances, including fire, livestock grazing and mechanized and chemical restoration practices. The
management considerations themselves are recommendations that are more analogous to “ best
management practices.”

Whileit is essential to understand the biological and ecological effects of management actions upon
individual sagebrush species and their associated plant and animal communities, it is equally and perhaps
even more important to understand the overall management context within which actions will be
considered. Issues of scale in land management have become increasingly significant due to declinesin
the populations of widely distributed species such as sage-grouse. Accordingly, adiscussion of Spatial
and Temporal Consderations Related to Cumulative Effects Analysisisincluded in the management
considerations.

Selected sagebrush species and subspecies information summaries are presented in Appendix A. As new
information about sagebrush and the management of sagebrush ecosystems and habitats becomes
available, these management considerations will be revised to incorporate new findings.

INTRODUCTION

Kuchler (1970) and West and Y oung (2000) describe sagebrush ecosystems as occupying aboutl 153
million acres of the western United States, dominating substantial portions of the entire western
landscape. Collectively, they comprise the sagebrush biome. A large percentage of the sagebrush biome
ison public land managed by both the USDI Bureau of Land Management (BLM) and USDA Forest
Service (USFS).

Within this document, the terms sagebrush plant communities and sagebrush communities are used
interchangeably to refer to the various assemblages of different sagebrush species and associated other
shrubs, forbs and grasses. In describing the number and types of sagebrushes, McArthur and his
colleagues recognize 11 species and 14 subspecies (McArthur et al. 1998, McArthur and Sanderson
1999, McArthur 1999) .
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Since settlement of the West began, there has been a substantial reduction in both the quantity and
quality of sagebrush ecosystems. Westwide, sagebrush ecosystems and plant communities have been
degraded or completely diminated due to agricultural conversion, livestock grazing, invasions by exatic
plants, oil and gas development, mining activities, fire management activities and policies, urban and
suburban sprawl, water diversions, stream entrenchment, pinyon pine and juniper encroachment, off-
highway vehicle activities, utility lines and corridors, arson, and altered wildfire cycles and fire behavior.

Many remaining sagebrush plant communitiesare at high risk of loss from wildfire as the result of weed
infestations and unnatural fuelsaccumulations. As of 2000, within the Great Basin aone, three million
acres of public land had become monocultures of cheatgrass (Bromus tectorum), an exotic annual that
outcompetes most native plants and creates a high wildfirerisk. Another 14 million acres are infested
with cheatgrass to the extent that conversion to a cheatgrass monocultureis likely inevitable.
Fragmentation of sagebrush communitiesis an additional problem, even for those of higher quality (Hann
et al. 1997, Wisdom et al. 2000). West (1999) estimates that about 25percent of the total sagebrush
steppe has made the transition to annual grasslands.

As devastating as the conversion to cheatgrass monocultures has been, these monocultures are not
necessarily the end product facing land managers. Other exotic plants are invading cheatgrass-dominated
communities and potentially degrading rangeland health even further (Hann et a. 1997), thus making the
eventual restoration of sagebrush communities even more problematic.

SAGEBRUSH BIOME CHARACTERISTICS AND COMPONENTS

The following is a condensed, generalized description of sagebrush biome characteristics and components.
More complete descriptions are contained in Wes and Young (2000) and Miller and Eddleman (2000).

. Climate

Sagebrush occurs throughout the West, aregion of wide climactic variation. Within this
variation, the sagebrush zone is typified by long cool to cold winters, hot, dry summers, and
persistent winds. Precipitation, much of which fallsin theform of snow at higher elevations, is
generally sparse (6 - 16 inches annually) and occurs primarily in fall, winter and spring,

. Vegetation

As noted earlier, the sagebrush biome encompasses approximately 153 million acres of the
western United States. The BLM manages about 70 million acres. Within this biome, there are
two major ecosystem types; sagebrush steppe and Great Basin sagebrush (Kuchler 1985). The
sagebrush steppe ecasystem is about 44.8 million hectares (110.7 million acres) insize, and is
characterized by more mesic, cooler climatic regimes than the Great Basin sagebrush ecosystem,
which is about 17.9 million acres (44.2 million acres) (West and Young 2000). Geographic
subdivisions of the sagebrush steppe ecosystem are the Columbia Basin, northern Great Basin,
Snake River Plain and Wyoming Basin (Miller and Eddelman 2000). Sagebrushin thisregionis
co-dominant with perennial bunchgrasses. Geographic subdivisions of Great Basin sagebrush are
the southern Great Basin and Colorado Plateau (Miller and Eddelman 2000). Sagebrush in this
region is dominant, with grasses being few and sparse.
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Soils

Most soils of the sagebrush-steppe are Mollisols which are commonly very dark colored, mineral
soils with pH ranges from neutral to moderately alkaline. Most Mollisols within the range of the
sagebrush-steppe are in a xeric (summer dry, winter wet) moisture regime and are classified as
Xerolls. With descending elevation and/or latitude, the Xerolls become marginal with Aridisols
until Aridisolsare the dominant soil Order. Aridisols are soilsin which water is not available to
plants for long periods. They are typically light colored mineral soils with pH ranges from neutral
to strongly akaline. Aridisols typify the Great Basin sagebrush ecosystem. In many valley
bottoms of the Great Basin that are lower in elevation than the Great Basin sagebrush zone,
Aridisols contain high accumulations of salts and alkali, giving rise to the salt desert shrub zone.

Soil moisture regimes within sagebrush ecosystems are most commonly either Aridic (soils are
dry for more than half the growing season and they are not moist for aslong as 90 consecutive
days during the growing season), or Xeric (soils in which large water deficits occur in the
summer). Soilswith a Udic soil mositure regime (not dry for as long as 90 cumulative days) do
occur but are very localized.

Three soil temperature regimes predominate in the range of the sagebrush ecosystem: Cryic (very
cold soils of the Rocky M ountains, Sierraand Cascade ranges, northern Great Plains, and high
elevations of the inter-mountain West), Frigid (cold soils at high elevations of the mid- and
northern Rocky Mountains, Sierra and Cascade ranges, and the inter-mountain West) and Mesic
(soils with moderate temperatures in mid-elevations of the inter-mountain West, Midwest, Great
Plains and western ranges.

Biological Soil Crusts

Biological soil crusts consist of lichens, bryophytes, algae, microfungi, cyanobacteria, and
bacteria growing on or just below the soil surface (Eldridge and Greene 1994). The ecological
roles of biological soil crusts can vary widely in importance depending on crust compasition and
biomass and ecosystem characteristics (Belnap et al. 2001). Biological soil crusts contribute
significantly to soil stabilization by reducing wind and water erosion of soil surfaces (Belnap and
Gillette 1997, 1998; McKennaNeumann et al. 1996). Biological soil crusts can be important
sources of fixed carbon on sparsely vegetated areas (Beymer and Klopatek 1991) and fixed
nitrogen for plants and soils in desert ecosystems (Evans and Ehleringer 1993; Belnap 1994).
Through increasing soil temperatures, they may contribute to ecosystem processes such as
microbial activity, plant nutrient uptake, soil water evaporation, seed germination time, and
seedling growth rates (Belnap et d. 2001).

In addition to holding soil in place and restricting the amount of erosion, biological soil crusts also
influence the type of material eroded from the soil. Laboratory studies showed that water erosion
resulted in the erosion of mainly fine soil particles (silt and clay) from a sparsely-covered crust
surface, while the extensively covered surface lost only coarse sand (Eldridge and Tozer 1997).
Since most soil nutrients are bound onto the silts and clays, the loss of these fine particles
represents areduction in soil fertility and hence productivity. Wind erosion would be expected to
have similar effects.
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The relationship of biologica crustsand the health of Artemisia standsis being sudied in several
different locations.

Other Factors

A few other factors that affect the hedth of Artemisia populations are presented below, however their
ecological role(s) or significance is not well understood. Asresearch provides additional information
about them, management strategies will be amended to incorporate the new information.

. Soil Mycorrhizae

Sagebrush are mycorrhizal obligates, particularly big sagebrush taxa, and the recovery of
Artemisia on a given site is dependent on the recovery of the mycorrhizae, as well asthe other
factors discussed above. Research investigating the effects of fire, invasion by exotic plant
species, or site occupancy by other non-mycorrhizal species on the recovery of mycorrhizaeisin
progress. Suchinformation is essential for the successful management and restoration of
Artemisia |andscapes.

. Insects

The sagebrush defoliator (4roga websteri), also called the Aroga moth, can cause severe
defoliation (Gates 1964), primarily of sagebrush taxain the Tridentatae subgenus 4. arbuscula,
A. bigelovii, A. cana Spp. cana, A. nova, A. pygmaea, A. tridentata Spp. tridentata, A. t. Spp.
wyomingensis and A. tripartita (Hsiao 1986). Artemisia spinescens, although not in Tridentatae,
isalso defoliated. Infestations can kill sagebrush or significantly reduce the vigor of sagebrush
plants. High temperatures and low precipitation cause Aroga populations to decline drastically.
The most promising strategy for avoiding defoliation where it may be aserious problemisto
develop new plant materials that are unacceptable to the defoliator. The moth’s high degree of
host specificity suggests that this would be a feasible approach (Hsiao 1986). The extent and
significance of Aroga defoliation in sagebrush ecosystems has not been eval uated.

The leaf-feading beetles Trirhabda pilosa and T. attenuata may cause significant damageto A4.
tridentata in certain situations (Pringle 1960, Fisser and Lavigne 1961). The extent and
significance of leaf-feeding beetle damage in sagebrush ecosystems have not been eval uated.

. Parasites, Fungus and Diseases
A snowmold fungus can reduce the canopy cover and kill A. ¢. spp. vaseyana, A. t. SpP. tridentata
and 4. nova in areas of deep snow accumulation (Sturges and Nelson 1986). At least 16" of snow

are required to maintain temperatures conducive to fungal growth. The extent and significance of
this fungus in sagebrush ecosystems has not been eval uated.

J Voles

When vole (Microtus sp.) population cycles coincide with suitable weather conditions, voles can
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cause extensive sagebrush kills by girdling plants (Mueggler 1967, Frischknecht and Baker 1972).
The extent and significance of vole girdling in sagebrush ecosystems has not been evaluated.

TAXONOMY OF ARTEMISIA

Taxanomic keys, range maps, photos, or illustrations are not included in this document because there is no
single comprehensive publication on Artemisia containing thisinformation. The references cited provide
some of this information, and there may be additional references that contain more details relative to loca
situations. Each field office should obtain the most current and compl ete information availablefor its
respective area.

. Taxonomy and Variation

A prerequisite for successful management of Artemisia is knowing which species, subspecies,
forms, and ecotypes of Artemisia occur on the landscape under considerati on, because the ecology
and response to disturbances is highly variable among the species and subspecies (Appendix A).
The Artemisia group contains ahigh level of variation, intergrades, and local adaptations that
contribute to a complex taxonomy (Hall and Clements 1923, Winward and Tisdale 1977,
Daubenmire 1978, 1982, McArthur and Plummer 1978, Winward 1980, Hironaka et al. 1983,
Miles and Leonard 1984, Schultz 1986, McArthur 1983, McArthur and Goodrich 1986, Mozingo
1986, Walton et a. 1986).

Variation within Artemisia occurs not only within species, subspecies, forms, or populations, but
among individuad plantsas well. The size, productivity, morphology, and vigor of individuals
depend on the composition, depth, texture, chemical, and physical characteristics of the soil. Itis
well established that the palatability of individud Artemisia taxaaso varies (Stevens and
McArthur 1974, Sheehy and Winward 1981, Hironaka et al. 1983, Wambolt et al. 1987, Welch et
al. 1991).

It isessential that land managers use the latest published information and available expertise to
determine thelocal taxa and learn about management options. The information used should
include both taxonomic keys and ecological site information (Winward 1983, Miles and Leonard
1984, West and Y oung 2000). Selected sagebrush species and sub-species information summaries
are presented in Appendix A.

. Federal Geographic Data Standards

The Federal Geographic Data Standards (Anderson et al. 1998, Grossman et al. 1998,
http://www.nbs.gov/fgdc.veg/) list the following two formationsthat pertain to sagebrush:
Microphyllus Evergreen Shrubland (generally big sagebrushes) and Dwarf Shrubland (generally
low sagebrushes). As of December 2001, these standards had not yet been applied to create a
uniform map across the sagebrush biome.

Attachment 1-7



MANAGEMENT CONSIDERATIONS
. Ecological Sites

Soils and site capability are the foundations for ecological response. The characteristics of
various ecological sites and their distribution within a given management area should be
thoroughly understood prior to vegetation manipulation or other management actions. Site
characteristics vary according to the potential natural community, plant species composition,
annual production, soils, effective precipitation, erosion potential and other factors (National
Research Council 1994). When ecological sites are properly classified, managers can have a
reasonabl e expectation as to what type of ecological response can be expected following various
types of disturbance (USDA 1991). This prerequisite knowledge appliesto Artemisia as well as
other taxa.

It isparticularly important to identify and understand that on certain ecological sites, exotic
annuals such as cheatgrass have drastically altered succession and created new stable vegetation
states (Hann et al. 1997) (West and Y oung 2000). Management actions such as prescribed burns
can accelerate the transition of vegetation state(s) on these ecological sites from those that support
Artemisia to those that will support exotic annual grasses and/or forbs, with intensive vegetation
restoration then required to reverse the transition.

. Historical Range of Variation

Science teams participating in the Interior Columbia Basin Ecosystem Management Project
(ICBEMP, http://www.icbemp.gov) utilized the concept of historical range of variation when
conducting analyses or making recommendations at a broad-scale (Hann et al. 1997, Wisdom et
a., 2000). The HRV provides an unbiased, value-neutral “baseline” for comparing the effects of
proposed actions. A value-neutral baseline isimportant in avoiding management prescriptions
that favor vegetation communities and habitat of certain species over those of others.

The HRV incorporates the relationshi ps between the energy of a system and the processes of
disturbance, such as herbivory and fire. HRV can serve as atool for understanding the causes and
conseguences of change in ecosystem characteristics over time. Not only can HRV be used to
help describe native systems, but it can also serve as a benchmark for understanding the effects of
human-induced changes on the landscape. Thisincludes aiding in the comparison of aternative
management scenarios for the future.

The components of HRV are many. Establishing HRV for a given geographic region, to the level
of detail produced for the ICBEMP (Hann et al. 1997), may be prohibitive in the short-term, yet
some of the basic data that concern Artemisia dynamics typically are readily available. Key
among these are soil type, historical precipitation patterns, temperature patterns, fire return
intervals and the nature and degree of herbivory. Theideais to understand the historical ranges
within which factors such as canopy cover of sagebrush on a given sitevaried over time and how
it was gpatially distributed across the landscape. These temporal and spatid patterns are not only
an integral part of the ecosystem itself, but they have shaped the evolution and adaptations of
many other organismsin that ecosystem. Mimickingthe HRV in al likeihood will lead to the
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healthiest and most resilient ecosystem for the future.

Although managers can attempt to maintain or achieve landscape conditions within HRV, such
achievement may well be obtainable only within those systems that have not been substantially
altered. Livestock grazing, exotic invasives, urban development, roads, fire frequency and other
familiar factors complicate the ability to manage within HRV. In addition, climate changes over
the past 150 years may have changed successiond trajectaries on any given ecological siteto
make areturn to the HRV of the mid-1800s unachievable (Tausch et al. 1993, Miller and Wigand
1994). Even so, the HRV remains a useful conceptud standard that should help land managers
understand the tradeoffs of different management strategies.

Density and Extent of Artemisia (Limiting Factors and Management Objectives)

Historically, Artemisia communities have existed in avariety of conditions, ranging from nearly
pure grasslands in Artemisia-Agropyron sites following fire, to nearly pure sagebrush on black
sagebrush (4. nova) sites or Wyoming big sagebrush sites following a century or more without
fire. While it may seem at least theoretically possible, in the absence of major aberrationsin
successional processes such as the presence of cheatgrass, to produce alandscape with any
configuration and density of Artemisia, thisis not the case. Biological, physical, and past and
ongoing disturbance regimes constrain the possibilities (Hann et al. 1997). It iswithin these
constraints that the real possibilitiesof land management objectives exist. Attainable objectives
for patch size, canopy cover and landscape connectivity should recognize these limitations.

Managers should determine, within the biological and physical constraints on a given area, actions
that can reasonably be implemented to meet management objectives. The historical sagebrush
landscape existed as a dynamic mosaic of vegetation with individual species adapted either to the
mosaic, or to portions of it. Noxious weeds, both those that are here now and those that are yet to
come, pose significant threats to even the most pristine sites.

Considering the tremendous | ost sagebrush over the past century, it might seem wise in the short
term to protect all remaining sagebrush. While total protection might be the correct stop-gap
strategy in certain areas, it cannot be the cornerstone of along-term design for land health.
Determining how much sagebrush to protect and how to manage at any given timeis crucial in
determining the long and short-term survival of the species that rely on sagebrush habitats.

Reestablishment of Artemisia Populations

Although a single sagebrush plant may produce 500,000 seeds in atypical year (Welch et al.
1990), yields are normally much lower (Monsen 1999). Seed production is directly related to
precipitation, and there is vast annual variation in the amount of seed produced on a given ste
(Young and Evans 1975, Monsen and Shaw 1986, Walton et a. 1986). Artemisia seeds rarely
survive for more than ayear in the soil (Y oung and Evans 1975, McDonough and Harniss 1974,
Cadwell 1978), and very few Artemisia seeds germinate and survive beyond thefirst year
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(Walton et al. 1986). Either during or following years of poor precipitation, sagebrush recovery
on proj ect sites may be much slower, and a conservative approach in manipulating cover through
management actions is warranted.

Big sagebrush seeds (all 4. tridentata subspecies) are small and exceedingly light, with about 4.5
million seeds per kilogram (2 million per pound) (Monsen, 1999). They are dispersed to some
degree by the wind, despite having no particular adaptations for wind dispersal. Nonetheless,
maximum dispersal distances are only around 30 m from the parent plant and 85-90% of all seeds
fall within 1 m of the edge of the sagebrush canopy (Y oung and Evans 1989, Wagstaff and Welch
1990). Itisvery important to maintain live sagebrush plants, at least in small patches, across any
landscape to provide seed sources for reestablishment. Long-distance dispersal by wind is
ineffective in recolonizing large burns, seedings or other disturbances (Meyer 1994).

During fire suppression actions, consistent with ensuring human safety and the protection of
property, pockets of unburned Artemisia within fire perimeters should be maintained as much as
possible to maintain natural seed sources. The practice of “burning out” sagebrush standsand
“blacklining” along roads, canalsand other wide barriers should be avoided. Any other activities
that would further reduce sagebrush on the landscape should be evaluated to determineif safe,
feasible alternatives can be used.

Wildfire

Sagebrush isreadily killed by fire (Blaisdell 1953, Harnissand Murray 1973). Most species,
subspecies and ecotypes do not resprout, and therefore must regenerate from seed. This suggests
that, in generd, sagebrush is not well-adapted to fire. Only A. tripartita, A. cana and Artemisia
tridentata vaseyana (form spiciformis) can resprout from root crowns or lower stem bases after
being top-killed by fire (Winward 1985). (ed. note: form spiciformis is herein spp. spiciformis)

The ability of most Artemisia species to maintain themselves over time, where the natural fire-
regime has not been dtered due to invasion by cheatgrass or other weeds in spite of periodic
burning, however, suggests that Artemisia might be considered fire-tolerant (Winward 1985).

Historically, fire return intervals were 12-15 years for mountain big sagebrush (4. ¢. vaseyana)
(Miller and Rose 1999) and 60-110 years or longer for other taxa, such as Wyoming big sagebrush
(A. t. wyomingensis) on the driest sites (Whisenant 1990, Peters and Bunting 1994). Some low
sagebrush (4. arbuscula sp. arbuscula) sites probably never burned because they never had
enough fuel to carry afire under any conditions. The invasion of fire-adapted exotic species such
as cheatgrass has altered the vegetation composition and succession on sites, as well as fire return
intervals and burning characteristics. It has made them much more likely to burn, and to burn
repeatedly. Return intervalsin cheatgrass-dominated |landscapes are under five (5) years
(Whisenant 1990). On these sites, sagebrush can quickly be eliminated, especidly if a second fire
occurs before new plants can produce seed (4-6 years). After sagebrush is eliminated, seeding
will be necessary to restore sagebrush within a time-frame meaningful to contemporary human
society.
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While the speed, intensity and temperature of fires are relatively unimportant to individual
sagebrush plants (Britton and Clark 1985), those factors obviously have a great impact on the
burn pattern and its ultimate effect on the landscape

One study suggests that all wildfires in sage-grouse breeding and nesting habitat should be
vigorously suppressed (Connelly 2001). However, another study concludes that the negative, or
positive, effects of fireto native understory species are dependent on a site’'s moisture regime and
plant community conditions (Miller and Eddleman 2001).

Detrimental or beneficial fire effects on sage grouse habitat are dependent on 1) site potential, 2)
site condition, 3) functional plant group(s) is limiting, and 4) pattern and size of the burn (Miller
and Eddleman 2000). Thus, the management response to wildfire (and potential uses of
prescribed fire) will vary considerably; appropriate management responses to fire for specific
sites can be described in a Fire Management Plan, although the response must still be adjusted by
fire behavior and fire occurrence patterns.

Prescribed Fire

In any situation involving sagebrush, the use of prescribed fire should be approached very
conservatively. A even higher degree of caution must be used when considering applying
prescribed fire to sagebrush vegetation communities on soils in mesic temperature/xeric or aridic
moisture regimes, because of the heightened risk of invasion by exotic annuals. With respect to
sage grouse habitat, although prescribed fire can have arole asatool for recovering habitats with
deteriorated herbaceous components, there is conflicting scientific evidence supporting its routine
use in sagebrush management (Connelly 2001, Miller and Eddleman 2000). The least
controversial use of prescribed fire to alter sagebrush communities appears to be on ecological
sites dominated by mountain big sagebrush (4. ¢. vaseyana).

Discussing sage grouse breeding habitat management, Conndly et a. (2001) state:

“Generdly, fire should not be used in breeding habitats dominated by Wyoming big sagebrush if
these areas support sage grouse. Fire can be difficult to control and tends to burn the best
remaining nesting and early brood-rearing habitats (i.e., those areas with the best remaining
understory), while leaving areas with poor understory. Further, we recommend against using fire
in habitats dominated by xeric mountain big sagebrush (4. tridentata xericensis) because annual
grasses commonly invade these habitats and much of the original habitat has been altered by fire
(Bunting et al. 1987).” Activity in leks declined for at least 2 to 5 years following treatment
(Connelly, et a. 2000). Inastudy in mountain big sagebrush, nesting habitat declined for some
20 years following treatment, until canopy cover has increased (Ndlle, et a.2000).

Winward, Connelly and Bohne (pers. comm. 2001) recommend that the spatial extent of burned
areas created asaresult of prescribed fire range from being a few hundred sgquare feet in size to
approximately two acres, and only occasionally range up to five acresin size, in small randomly
distributed spots. They strongly discourage the creation of large burned areas within sagebrush
stands. However, optimal patch sizes and spatial and temporal distributions of treatmentsin the
various Artemesia species and the habitat use(s) by sage grouse must yet be defined.
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Mechanical Treatment

Mechanical treatment clearly has an advantage over fire in that the treatment area can be more
precisely controlled. However, mechanical treatments vary greatly in their effects on sagebrush.
The tops of plants can be reduced or removed with methods such as shredding, roller chopping
and hand slashing. In most cases, this produces a temporary reduction in canopy cover and many
taxa regrow vigorously (USDI BLM 1991).

Entire plants can be removed with hand grubbing, bulldozing, beating, chaining, root plowing and
disk plowing (Pechanec et d. 1965, USDI BLM 1991). Bulldozing, beating and chaining are
capable of killing 90% of the old plants whose rigid stems tend to break while killing less (20-
30%) of the younger, more flexible individuals (Pechanec et al. 1965). Large amounts of litter
may be generated by mechanical treatment, which may contribute to larger and hotter firesif and
when burning does occur. However this same litter may provide protective cover for post-
treatment plant seedlings.

Root and disk plowing completely remove sagebrush and can damage most other species as wdll
(Monsen and Shaw 1986, USDI BLM 1991). Reestablishment of sagebrush seedlings can be poor
because seeds can become buried too deeply. Thisimpairment of seedling establishment can
persist for years because the original seedson the site largely perish after one year (see Natural
Reestablishment of Artemisia Populations, above). Vigor of mature plants also may decline
following this type of treatment. Basal and root sprouting may not occur and plants can be killed
if the main stem is uprooted or severed.

A drawback to soil disturbing mechanical actionsis that biological crusts may be damaged or
destroyed as aresult of direct disturbance and the accumulation of litter on the soil surface.
Desirable micrositesfor the germination and establishment of Artemisia seedlings may also be
eliminated. Winter season soil disturbance islesslikely to damage biological crusts than
disturbance during other seasons. The potential to damage biological crusts, however, mug be
weighed against the potential consequences of afailure to act. Irreversible dominance by annual
species such as cheatgrass can prevent the return of even well-developed biological crusts
(Kaltenecker 1997, Kaltenecker et a. 1999).

Herbicides

The effects of herbicide applications are very complex because the combination of varied site
conditions, the chemicals themselves, application rates and application conditions can lead to a
wide variety of outcomes (USDI BLM 1991). Though herbicides can result in a complete
elimination of sagebrush cover, the control over their application offers certain advantages
(Pechanec et al.1965, Tisdale and Hironaka 1981, Monsen and Shaw 1986, Whisenant 1986).

The use of herbicides may be preferable to prescribed fire in some situations. Where factors such
as fue loading or post-fire plant composition are not within the management objectives for the
site, herbicides may be atool to consider. Damage to non-target speciesis perhaps the most
serious complication of herbicide use (USDI BLM 1991). Asfor any treatment, there must be a
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clear potential for sitesto recover to a healthy condition and the capability to fully manage them
following treatment.

Livestock Grazing and Browsing

Excessive, or poorly managed livestock grazing, such as too high a stocking rate over the grazing
period, or uncontrolled or poorly timed grazing, causes degradation of sagebrush ecosystems.
Improper livestock grazing practices change the proportion of shrubs, grasses, and forbs, increase
the opportunity for invasion and dominance by exotic annual grasses and forbs, shorten the
growing season, and can cause an overall declinein site potential through loss of topsoil. This
declinein site potential often decreases the ability of soilsto capture, store, and rel ease water,
causing sagebrush ecosystems to become more arid, which in turn provides less green plant
material for shorter periods of time (Miller and Eddleman 2000).

It iswell egablished that excessive livestock grazing increasesthe cover of Artemisia in many
systems by reducing the competition from other plants (Whisenant 1990, Daddy 1988). Very
often it is these other plants, especially native bunchgrasses and forbs, that are far below healthy
levelsin the ecosystem and that arethe first to be eliminated under excessive livestock grazing
(Watts and Wambolt 1996, West and Y oung 2000). While sagebrush densities could be increased
inthisway, it would likely beincompatible with attainment of BLM’ s Standards for Healthy
Rangelands.

Grayson (1993) states that “The native grasses of the floristic Great Basin are not adapted to
heavy [emphasis added] grazing by large mammals,” and the sagebrush biome is alarge portion of
the floristic Great Basin. Hann et al. (1997) and Holechek et al. (1999) summarize many studies
and provide recommendations for livestock grazing for the vegetation communities in the Great
Basin. Ingeneral, Platou and Tueller (1985, in Hann et al. 1997), propose that livestock grazing,
and livestock grazing systems that emulate native grazing regimes of the vegetation communities
in the late Holocene (pre-Euro-American settlement) would be more compatible with the
evolutionary higtory of vegetation in the sagebrush biome. However, pre-Euro-American
settlement conditions no longer exist in the sagebrush biome, because of agricultural and urban
development, livestock grazing, the introduction of exotic plants, and changes in disturbance
regimes.

Increasingly, because of the magnitude of such changes and projected trends for even more, a
major issue being raised with respect to livestock grazing iswhether livestock can be managed in
amanner that iscompatible with maintaining healthy native plant communities. The following
summarizes the literature that attempts to answer this question.

Archer and Smeins (1991, in Hann et al. 1997) proposed that some traditiond livestock grazing
management practices are not compatible with native plant communities. They identified several
examples of poor compatibility that are applicable to the sagebrush biome: (1) Traditionally,
livestock are concentrated at artificially high levels. In contrast, densities of native herbivores
varied seasonally and annually; (2) Fences prevent livestock from moving to new areas when the
abundance of desired forages decreases. Consequently, traditional grazing practices result in
higher frequencies and intensities of defoliation than would have occurred with pre-Euro-
American settlement grazing regimes; (3) Mortality of native herbivores was a feedback |oop that
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reduced grazing pressure, permitting recovery of native vegetation after periods of forage overuse.
Supplemental feeding precludes mortality of livestock and thus maintains grazing over a greater
portion of the year and over a higher frequency of years, compared with grazing that was exerted
by native herbivores; and (4) Prolonged grazing in the sagebrush biome has decreased the capacity
of grasses to competitively excludewoody plants, such as sagebrush. Therefore, sagebrush
density and canopy cover increases at a faster rate compared with no grazing. Inaddition, fire
frequency and intensity are concurrently reduced because the prolonged grazing preventsthe
accumulation of finefuels.

Grazing systems have been promoted to mitigate or prevent the detrimental effects to native plant
communities in the sagebrush biome. Rest-rotation grazing has been suggested as a grazing
method that gpproximates the manner in which native ungulates grazed the Great Basin
shrublands and shrub-grasslands (Platou and Tueller 1985, in Hann et a. 1997). Seasonal grazing
(Vallentine 1990, in Hann et al. 1997), characterized by livestock moving to higher elevation with
increasing temperatures and changes in plant phenology, might also approximate past grazing by
native ungulatesif constraints of land ownership, tenure, or administration do not prove to be
problematic.

Under specific circumstances, rest-rotation, deferred, deferred rotationd, and seasonal grazing
methods have all been demonstrated to sustain rangeland plant communities within the sagebrush
biome (Vallentine 1990, in Hann et al. 1997). However, none of these grazing methods have been
conclusively more effective than light to moderate stocking rates under continuous seasonal
grazing (Hart and Norton 1988, Heady 1975, Stoddart et al. 1975, Vallentine 1990, in Hann et al.
1997). Despite thearray of grazing methods conceived and promoted since 1950 in the United
States, there has been, and continues to be, considerable debate over compatibility with native
plant communities. Inaddition, all of the livestock grazing recommendations for the sagebrush
biome summarized in this section are based upon either short-term studies or short to long-term
observations, rather than long-term studies. According to Holechek et al. (1999) “. . . although the
sagebrush grassland is one of the largest range types, there have been no long term, replicated
stocking rate studies with cattle in this type.”

Grazing methods, and no grazing, are unlikely to elevate many plant communities that arein alow
successional steady gate to ahigher successional gate (Archer and Smeins 1991, in Hann et al.
1997). Sustainable grazing management relies on knowledge of critical thresholds and
manipulation of livestock so these critical thresholds are not exceeded. Continued stocking at
near-normal levels during periods of moderate to severe drought is probably the greatest cause of
rangeland deterioration (Vallentine 1990, in Hann et al. 1997). Reduced stocking rates during
drought, and for some time after drought, are necessary to minimize damage and hasten recovery
of perennial vegetation (Vallentine 1990, in Hann et a. 1997; Holechek et al. 1999).

Holechek et a. (1999) report that improvement in rangeland vegetation can be achieved through
changesin livestock grazing methods, and through changesin livestock stocking rates. They
present two science findings that are very important to the sagebrush biome: (1) rotation livestock
grazing methods in semi-arid and desert areas, which includes the sagebrush biome, show no
advantage compared with continuous or season-long grazing methods; and (2) research shows that
stocking rate reductions, from heavy down to conservative (35% or less forage use) have much
greater probability of improvement in rangeland vegetation, compared with rotation livestock
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grazing methods. The greatest benefit accruing to light or conservative stocking (35% or less
forage use on palatable forage species) interms of forage production occurred in dry years.

Where invasive exotic annual plants, such as cheatgrass and mustards, have produced an
unnaturally high density of fine fuds that make sites much more susceptible to fire, grazing can
reduce these fuels and lessen the likelihood of wildfire (Vallentine and Stevens 1994). However
the timing of the livestock grazing iscritical. It hasto be judiciously applied within a very short
window of timein early spring, before remnant native perennial species are growing, or else the
livestock will consume the remnant native species dong with the exotics.

L ate autumn browsing by sheep can reduce sagebrush cover. When suitable alternative forage is
lacking, animals are essentially forced to browse sagebrush because herbaceous growth is dried,
reduced and less palatable (Laycock 1967). Very heavy browsing by cattle also can reduce cover
of A. t. wyomingensis purely through mechanical damage (Watts and Wambolt 1996). If these
extreme stocking levels are repeated through time, rather than during a one-time event, the
understory grasses and forbs can be extirpated from the site.

In Oregon, domestic sheep showed highest preference for low sagebrush (4. arbuscula Spp.
arbuscula) and medium preference for black sagebrush (4. nova). Sheep utilized, but did not
prefer, Bolander silver sagebrush (4. cana spp. bolanderi) and mountain and foacthill big
sagebrush. They showed least preference for Wyoming and basin big sagebrush (Sheehy and
Winward 1981).

Native Ungulate Browsing

It isimportant to understand how native ungulates, primarily deer, elk and pronghorn antelope,
may affect the potential for progress in achieving desired habitat conditions. The effects of big
game use on sagebrush cover can range from negligible to substantial, depending on a variety of
factors; population levels, the amount of sagebrush habitat available, sagebrush species and
palatability, and seasonal or other climatic conditions, such as snow depth or drought.

In comparing shrub parameters of Northern Y ellowstone Winter Range sagebrush habitat types
that were either continually browsed or protected for 32 to 37 years, Wambolt and Sherwood
(1999) determined that canopy cover and winter forage production of A. tridentata was
significantly reduced by elk browsing. Their evaluation of 19 sitesin this study showed thet the
average big sagebrush cover inside exdosures was three times that outside the exclosures. This
relationship held for both Wyoming big sagebrush and mountain big sagebrush sites, and for all
aspects, topographiesand precipitation leves.

Both pronghorn and mule deer also often forage heavily on big sagebrush taxa (Welch and
McArthur 1979). Wambolt (1996) and Personius et d. (1987) reported mule deer and elk
preferences for four sagebrush taxa as being, from most preferred to least preferred, mountain big
sagebrush, Wyoming big sagebrush, basin big sagebrush, and black sagebrush. In Oregon, mule
deer showed highest preference among seven sagebrush taxa for low sagebrush, mountain big
sagebrush, foothill big sagebrush (arelatively low elevational variant of mountain big sagebrush)
and Bolander silver sagebrush (4. cana bolanderi), intermediate preference for basin big
sagebrush and Wyoming big sagebrush, and least preference for black sagebrush, with genetic
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variation between kinds of sagebrush taxa appearing to be more influential in animal preference
than environmental variation within ataxon (Sheehy and Winward 1981).

Biological Soil Crusts

Soil surface disturbing activities, including livestock grazing, off-highway vehicle use, and
recreational hiking, can reduce the maximum potential development of biological soil crusts. Fire
can also deplete biological soil crusts at least temporarily. A high density of exotic annual plants,
such as cheatgrass and medusahead, and the resultant litter accumulation, poses along-term threat
to biological soil crust development and maintenance. Airborne pollutants and urbanization can
also negatively affect the abundance and composition of biological soil crusts. Except where
habitat is completely displaced, for example urban areas, or atered by dominance by exatic
annuals, initial recovery of biological soil crustsisfairly rapid (ranging from afew yearsto 100
years) after the disturbances abate. Cyanobacteria and dgae are the first stage of recovery, with
later successional stages of recovery characterized by bryophytes and lichens (Belnap and
Gardner 1993, Rosentreter 1986).

Biological soil crusts, which are particularly important in basin big sagebrush (4. ¢. spp.
tridentata) and Wyoming big sagebrush (4. ¢.spp. wyomingensis) sites (Kaltenecker and
Wicklow-Howard 1994, Kaltenecker 1997), were speculated to have been widely destroyed by
trampling during the excessive livestock grazing of the late 1800s and early 1900s (Poulton 1955,
Daubenmire 1970, Mack and Thompson 1982, MacCracken et al. 1983, St. Clair et al. 1993).
Eldridge and Tozer (1997) state that in Australia, crusts in dry landscapes have not co-evolved
with hard-footed domestic animals such as sheep, goats and cattle so they are easily destroyed by
excessive trampling by these animals.

Continuous season-long livestock grazing is deleterious to biological soil crusts, as shown by
Jeffries and Klopatec (1987) and Brotherson et a. (1983). Likewise, short-duration livestock
grazing strategies characterized by intense physcal impact to the soil surface are deleteriousto
biological soil crusts, particularly on rangeland characterized by wet winter and dry summer
climatesin the Great Basin (Johansen 1986) and the Columbia Basin.

Livestock grazing impacts on biological soil crusts, and the thresholds (characterized by timing
and intensity of livestock grazing pressure) at which those impacts become limiting to on-site
sustainability and productivity of biological soil crusts, is atopic worthy of considerably more
research (Kaltenecker and Wicklow-Howard 1994). Livestock grazing/biological soil crust
studies conducted by Anderson et a. (1982) and Marble and Harper (1988) in the eastern Great
Basin are particularly noteworthy because their long-duration grazing controls allow comparison
of treatment effects. Heavy (probably connotes high leves of livestock grazing pressure), early
winter livestock grazing when soils are wet or frozen is not deleterious to biological soil crust
cover. Heavy livestock grazing that persists into late winter and early spring, however, becomes
deleterious (Marble and Harper 1988) because it limits the time available for regrowth of
biological soil crust organisms. Growth of biologicd soil crust organisms can continue from late
winter through early spring because of optimal soil water conditions, but this growth is disrupted
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if livestock grazing persists. After early to late soring, soil water conditions are no longer

optimal for biological soil crust development. We believethat the results from these sudies goply
particularly to the salt desert shrub and adjacent dry sagebrush (particularly the low sagebrush,
basin big sagebrush, and Wyoming big sagebrush) potential vegetation types.

In discussing biological soil crusts, soil environment and vascular plants, Belnap et al. (2001)
describe characteristic differences in seed entrapment and seed germination associated with
biological soil crustsinhot and cold deserts. In noting the differences, though, they point out that
introduced annual grasses that lack burial mechanisms have shown inhibited germination on all
intact biological soil crust typesin both hot and cold deserts. Citing Larsen (1995), Belnap et al.
(2001) point out that, “ ... in contrast to native annuals, the density of the exotic annual grass
Bromus tectorum was lower on intact crusts. Bromus density was greater on cruststhat were
broken, but left in place.”

Native annual seeds germinate in the light on the soil or upon the biological soil crust surface. In
contragt, cheatgrass seeds germinate best when buried in the soil or covered by litter. This
suggests that cheatgrass is excluded by biological soil crusts (Larsen 1995). A decreasein
cheatgrass density dlows space for Artemisia seedlings to become established. Biological soil
crusts exclude cheatgrass by physically blocking the seeds from penetrating the soil surface.

The maintenance of the sagebrush seppeis, in part, dependent on the structure that devel ops with
the existence of biological soil crusts. These crusts encourage a clumped vascular plant structure
which may reduce the risk of fire by creating a discontinuous fuel that isless proneto carry fire.

Some Artemisia ecological sites lack biological soil crustswhile other sites have crusts as a mgor
functional component. Table 1 indicates which species and subspecies of Artemisia may be found
in association with high or low microbiotic crust cover.

High potential for biological crust development exists within the salt desert shrub type, drier
portions of the big sagebrush cover type (such as Wyoming big sagebrush), and the low sage
cover type. However asite-specific evaluation of potential biological crust devel opment should
be performed because the degree of biological crust development within these and other cover
types depends on factors such as spoil texture, amount of vascular plant cover, precipitation, and
other factors.
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Table 1. Relative cover of biological soil crustsin sagebrush (Artemisia) vegetation types (adapted from
Belnapet a. 2001).

HIGH biological crust cover LOW hiological crust cover
Tall Sagebrush
Wyoming big sagebrush subal pine big sagebrush
A. tridentata SSp. wyomingensis A. tridentata SSp. spiciformis
basin big sagebrush xeric big sagebrush
A. tridentata SSp. tridentata A. tridentata SSp. xericensis
mountain big sagebrush mountain big sagebrush
A. tridentata SSp. vaseyana A. tridentata SSP. vaseyana
(biological crust cover high or low (biological crust cover high or low
depending on site characteristics) depending on site characteristics)
silver sagebrush
A. cana
three-tip sagebrush
A. tripartita
Short Sagebrush
low sagebrush alkali sagebrush
A. arbuscula A. longiloba
black sagebrush fuzzy sagebrush
A. nova A. papposa
stiff sagebrush
A. rigida
Bigelow sagebrush
A. bigelovii
fringed sage
A. frigida

To assist with evaluating the potential for microbiotic crust development based on biological and
physical features and the potential effects of management actions, an analysismatrix is provided
in Appendix B. The matrix is taken from Appendix 13a: Biological Crust Evaluation, of the
Interior Columbia Basin Ecosystem Supplementa Draft Environmental Impact Statement,
Volume 2 (USDA Forest Service/USDI Bureau of Land Management 2000a). It is atool that may
be used at site-specific scales to pinpoint where there is high potential for biological crust
development, and under what conditions biological crust development is affected by land uses
such as livestock grazing and recreation (USDA Forest Service/USDI Bureau of Land
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Management 2000b). Thisinformation can also help in analyzing the effects of livestock grazing
on biological crust in environmental assessments or environmental impact statements. An
example of a completed matrix isincluded as part of Appendix B.

Spatial and Temporal Considerations Related to Cumulative Effects Analysis

Historically many National Environmental Policy Act (NEPA) analyses for natural resource
impacts on federal public lands have not adequately considered the cumulative effects of
management actions, particularly for impacts to the total habitat required through time by wide-
ranging wildlife species such as sage grouse, migratory songbirds, Canadalynx and some large
ungulate populations. Impact analysis, particularly at the project level, has frequently been
limited to using environmental assessments (EAS) to describe impacts that would occur within an
immediate project area or within local field office or ranger district boundaries. Little to no
ecological consideration was given to the ways in which local actions affecting natural resources
within any given administrative unit were complementing, or conflicting with, the impacts to
those same resources as aresult of decisions and actions taking place in another part of their
range.

In some of the environmental impact statements (EIS) prepared for BLM land use plans devel oped
in the 1970s and 1980s, one consequence of failing to adequately consider both the true
geographic extent of resources affected by local actions, and the length of time during which those
impacts would have effect, has been more optimistic conclusions about the impacts of proposed
actions than was warranted. When preparing new impact analyses, it is instructive to review the
conclusons of prior EISs prepared in that time period. Inaddition to reviewing prior EIS's
prepared for a given planning unit, areview of concdusions contained in EISs prepared for
adjacent planning units can provide further insights into the need for andyses to be scaled to, for
example, the complete range of awildlife population that spends only part of the year within one
planning unit.

The Council on Environmental Quality (CEQ), responsiblefor administering the NEPA, has
prepared a handbook that addresses the complex issue of cumulative effects, outlines general
principles, presents useful steps, and provides information on methods of cumulative effects
analysis and data sources. The handbook, Considering Cumulative Effects Under the National
Environmental Policy Act, addresses both spatial and temporal considerations. Though not issued
as formal CEQ guidance, readersare strongly encouraged to become familiar with it. As of
Janaury 2002, it was posted on the internet at http://ceg.eh.doe.gov/nepal/ccenepalccenepa.htm,
The handbook’s eight principles of cumulative effects analysis, Chapter 1, Table 1-2, are
reproduced in Appendix C.

1) Spatial Component. The geographic area(s) to be considered for impact analysis should be
delineated based on the resource(s) under consideration. Depending on the resource(s) affected
and the nature of the action(s), the area(s) may be fairly small in size or, in the case of wide-
ranging species, unigue circumstances, or multiple offices conducting similar activitiesover a
broad geographic range, they may be very large, such as sub-basins. For aland use plan in the
sagebrush biome, the sub-basin level is recommended for conducting cumulative effects analyses.
Scoping can help refine appropriate cumulative effects analysis areas.
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Once the analysis areas are determined, all pertinent information pertaining to impacts should be
analyzed in conformance with NEPA procedures. Most critically, for sagebrush, the type, canopy
cover, vigor and ecological condition of Artemisia spp. vegetation should be described. Past
burns, seedings and other vegetation changes should be noted. Roads, urban devel opment, private
lands and other obvious factors that cause fragmentation and loss of connectivity within the
area(s) should be described for analysis. Any management plans, or planned management
activities that affect the hedth of sagebrush communities must also be considered. This approach
provides appropriate spatial perspective(s) and allows for improved cumulative effectsanalysis
across the landscape.

2) Temporal Component. The time periods considered in cumulative effects analyses commonly
address either the expected effective life of projects or, in the case of land use plans and land and
resource management plans, the expected life of such plans, with projections. For vegetation
mani pul ation proj ects, impacts have often been analyzed over an expected interval that would
pass until the vegetation either achieved a desired plant community (after which time management
would seek to keep it in that specified condition), or until it would return to the condition it wasin
before the action and retreatment might be needed. It is particularly important to define the
correct time period for assesament of prescribed burns, because fire return intervals may bewell

in excess of 100 years in some sagebrush vegetation types (Whisenant 1990, Peters and Bunting
1994). Irrespective of project type, asaminimum, the analyses should address the entire time
period of vegetation recovery on project areas both on-site, and within the context of overall plant
community condition across the entire spatially defined area for the resource(s) under
consideration (e.g., atwo-stage migratory sage grouse population whose range encompasses two
or more administering offices and other lands).

As NEPA analysis becomes more sophisticated with improvementsin technology, natural
resource science and modeling,, cumulative effects analyses that are more reflective of the true
spatial and temporal frameswill become easier, more accurate, and have greater utility in
management planning.

Attachment 1-20



ACKNOWLEDGMENTS

The BLM extendsits appreciation to the following individuals who either prepared sections of this
document, or materially improved its content through their thoughtful insights and comments on earlier
drafts: Jeff Aardahl, Al Bammann, Hugh Barrett, Steve Caicco, John Fend, Steve Grabowski, Mark
Hilliard, Julie Hilty, Chris Jauhola, Ron Lambeth, Mike “ Sherm” Karl, Dick Mayberry, Melanie Miller,
Mike Pellant, Jody Peters, Tim Reuwsaat, Tom Roberts, and Todd Thompson.

Attachment 1-21



REFERENCES AND LITERATURE CITED

Anderson, D.C., K.T. Harper, and R.C. Holmgren. 1982. Factors influencing development of cryptogamic
crusts in Utah deserts. Journal of Range Management 35:180-185.

Anderson, M. P, P. Bourgeron, M. T. Bryer, R. Crawford, L. Engeking, D. Faber-Langendoen, M.
Gallyoun, K. Goodin, D. H. Grosaman, S. Landaal, K. Metzler, K. D. Patterson, M. Pyne, M.
Reid, L. Sneddon, and A. S. Weakley. 1998. International classification of ecological
communities: Terrestrial vegetation of the United States. Val. Il. The national vegetation
classification system: List of types. The Nature Conservancy. Arlington, VA, USA.

Archer, S.and F. E. Smeins. 1991. Ecosystem-level processes. /n Heitschmidt, R. K. and J. W. Stuth,
eds. Grazing management: an ecological perspective. Portland, OR: Timber Press 109-138.
Cited in Hann et a. (1997).

Barrington, M., S. Bunting and G Wright. 1988. A fire management plan for Craters of the Moon National
Monument. Cooperative Agreement CA-9000-8-0005. Univ. Idaho, Range Resources Department.
Moscow, ID.

Beardall, L. E. and V. E. Sylvester. 1976. Spring burning for removal of sagebrush competition in Nevada.
Pp. 539-547 in Proceedings, Tall Timbers fire ecology conference and fire and land management
symposium. Tall Timbers Research Station 14.

Bedell, T. E. 1998. Glossary of terms used in range management. Fourth edition. Society for Range
Management. Denver, CO

Beetle, A. A. 1960. A study of sagebrush: The section Tridentatae of Artemisia. Ag. Exper. Sta. Bull.
368. Univ. Wyoming. Laramie, WY ..

. 1977. Recognition of Artemisia subspecies--a necessity. Pp. 35-42 in K. L. Johnson, ed..
Wyoming shrublands: Proceedings, 6™ Wyoming shrub ecology workshop. Laramie, WY .

Beetle, A. A. and K. L. Johnson. 1982. Sagebrush in Wyoming. Agricultural Experiment Sta. Bull. 779.
Univ. Wyoming. Laramie, WY ..

Belnap, J. 1994. Potential role of cryptobiotic soil crustsin semiarid rangelands. Pp. 179-185 In: Ecology
and management of annual rangelands. Report INT-GTR-313. USDA Forest Service.

Belnap, J. 1995. Soil Surface Disturbances: Their Role in Accelerating Desertification. Environmental
Monitoring and Assessment 37:39-57.

Belnap, J. and J. S. Gardner. 1993. Soil microstructure in soils of the Colorado Plateau: the role of the
cyanobacterium Microcoleus vaginatus. Great Basin Nat. 53:40-47.

Belnap, J. and D. A. Gillette. 1997. Disturbance of biological soil crusts: impacts on potential wind

erodibility of sandy desert soils in southeastern Utah, USA. Land Degradation and Devel opment.
8:355-362.

Attachment 1-22



Belnap, J. and D. A. Gillette. 1998. Vulnerability of desert soil surfacesto wind erosion: impacts of soil
texture and disturbance. Journal of Arid Environments. 39:133-142.

Belnap, J., D. Eldridge, J. H. Kaltenecker, S. Leonard, R. Rosentreter and J. Williams. 2001. Biological
soil crusts: ecology and management. Technical Reference 1730-2, U.S. Department of the
Interior, Bureau of Land M anagement. Denver, CO.

Belnap, J., K. T. Harper, and S. D. Warren. 1995. Influence of cryptobiotic soil crusts on elemental
content of tissue in two desert seed plants. Arid Soil Research and Rehabilitation. 9:107-115.

Belnap, J., R. Prasse, and K. T. Harper. 2001. Influence of biologica soil crusts on soil environments
and vascular plants. /n: Belnap J., and O. L. Lange (Eds.). 2001. Biological Soil Crusts:
Structure Function and Management. Ecological Studies, Vol. 150, Analysis and Synthesis.
Springer-Verlag. Berlin.

Bernard, S. R. and K F. Brown. 1977. Distribution of mammals, reptiles, and amphibians by BLM
physiographic regions and A.W. Kuchler's associations for the eleven western states. Technical
Note 301. U.S. Department of the Interior, Bureau of Land Management. Denver, CO.

Beymer, R. J., and J. M. Klopatek. 1991. Potential contribution of carbon by microphytic crustsin
pinyon-juniper woodlands. Arid Soil Research and Rehabilitation 5:187-198.

Blackburn, W. H.., R. E. Eckert and P. T. Tueller. 1969. V egetation and soils of the Cow Creek
Watershed. R-49. Univ. Nevada, Agricultural Experiment Station. Reno, NV.

Blackburn, W. H., R. E. Eckert and P. T. Tueller. 1969. Vegetation and soils of the Coils Creek
Watershed. R-48. Univ. Nevada, Agricultural Experiment Station. Reno, NV.

Blaisdell, J. P. 1953. Ecological effects of planned burning of sagebrush-grass range on the upper Snake
River Plains. USDA Tech. Bull. 1075.

Blaisdell, J. P., R. B. Murray and E. D. McArthur. 1982. Managing I ntermountain rangelands -
sagebrush-grass ranges. U.S. Department of Agriculture, Forest Service, Intermountain Forest
and Range Experiment Station. Gen. Tech. Rep. INT-134. Ogden, UT.

Borland, J. 1998. True grit: Cold-hardy sagebrush. Hortus West 9:1-5.

Britton, C. M. 1979. Fire on the range. Western Wildlands. 5:32-33.

Britton, C. M. and M. H. Ralphs. 1979. Use of fire asa management tool in sagebrush ecosystems. Pp.
101-109 in The sagebrush ecosystem: a symposium: Proceedings. Utah State Univ., Logan, UT.

Britton, C. M. and R. G. Clark. 1985. Effects of fire on sagebrush and bitterbrush. Pp. 22-26in K.

Sanders and J. Durham, eds. Rangdand fire effects: A symposium. U.S. Department of the
Interior, Bureau of Land Management, Idaho State Office. Boise, ID.

Attachment 1-23



Brotherson, J.D., S.R. Rushforth, and J.R. Johansen. 1983. Effects of long-term grazing on cryptogam
crust cover in Navajo National Monument, Arizona. Journal of Range Management 35:579-581.

Bryant, F. C. and B. Morrison. 1985. Managing plains mule deer in Texas and eastern New Mexico.
Depart. Rangeand Wildlife Manage. Management Note 7. Texas Tech University. Lubbock, TX.

Bunting, S. C., B. M. Kilgoreand C. L. Bushey. 1987. Guidelines for prescribed burning sagebrush-grass
rangelands in the northern Great Basin. USDA For. Ser. Gen. Tech. Rep. INT-231. Ogden, UT.

Caldwell, M. M. 1978. Physiology of sagebrush. Pp. 74-85 in The sagebrush ecosystem: A symposium.
Utah State Univ. Logan, UT.

Clary, W. P. 1986. Black sagebrush response to grazing in the east-central Great Basin. Pp. 181-185in
E. D. McArthur and B. L. Welch, compilers. Proceedings--symposium on the biology of
Artemisia and Chrysothamnus. USDA For. Ser. Gen. Tech. Rep. INT-200. Ogden, UT.

Clifton, Nancy A. 1981. Response to prescribed firein aWyoming big sagebrush/bluebunch wheatgrass
habitat type. 39 pp. MS Thesis. University of Idaho, Moscow, ID.

Connelly, J. W. 2001. Sage-grouse and fire: Smokey the Bear was right! Abstracts of The Wildlife
Society Eighth Annual Conference, September 25-29, 2001, Reno/Tahoe, NV. p 104.

Connelly, JW., K.P. Reese, R.A. Fischer, and W.L. Walehiner, 2000. Response of a sage grouse breeding
population to fire in southeastern Idaho. Wildlife Soc. Bull. 28:90-96.

Connelly, J. W., M. A. Schroeder, A. R. Sands and C. E. Braun. 2000. Guidelines for management of sage
grouse populations and habitat. Wildlife Soc. Bull., 28(4):967-985.

Daddy, F. M., J. Trlica, and C. D. Bonham. 1988. Vegetation and soil water differences among big
sagebrush communities with different grazing histories. Southwestern Nat. 33:413-424.

Daubenmire, R. 1970. Steppe vegetation of Washington. Wash. Agric. Exp. Sta. Bull. 62.

. 1975. Ecology of Artemisia tridentata sSubsp. tridentata in the state of Washington.
Northwest Sci. 49: 24-35.

. 1978. Plant geography with special reference to North America. Academic Press. New
York.

. 1982. Thedidribution of Artemisia rigida in Washington: A challenge to ecology and
geology. Northwest Sci. 56:162-164.

Davis, C. A., P. E. Sawyer, J. P. Griffingand B. D. Borden. 1974. Bird populations in a shrub-grassland
area, southeastern New Mexico. Ag. Exper. Sta. Bull. 619. New Mexico State Univ. Las Cruces,
NM.

Dealy, J. E., D. A. Leckenby and D. M. Concannon. 1981. Wildlife habitats on managed rangd ands--the

Attachment 1-24



Great Basin of southeastern Oregon: plant communities and their importance to wildlife. USDA
For. Ser. Gen. Tech. Rep. PNW-120. Portland, OR.

Defenders of Wildlife. 1998. Oregon’sliving landscape: Strategies and opportunitiesto conserve
biodiversity. Washington, DC.

Eldridge, D.J. and R.S.B. Greene. 1994. Microbiotic soil crusts: areview of their rolesin soil and
ecological processes inthe rangelands of Australia. Australian Journal of Soil Research 32:389-
415.

Eldridge, D. J., and M. E. Tozer. 1997. A practical guide to soil lichens and bryophytes of Australia’ s dry
country. Department of Land and Water Conservation. Sydney, NSW.

Evans, R. D., and J. R. Ehleringer. 1993. A break in the nitrogen cyclein aridlands? Evidence from
> N of soils. Oecologia. 94:314-317.

Fisser, H. G. and R. J. Lavigne. 1961. A leaf feeding beetle found on threetip sagebrush. J. Range
Manage. 14:278-279.

Frischknecht, N. C. and M. F. Baker. 1972. Voles can improve sagebrush rangelands. J. Range Manage.
25:466-468.

Gates, D. H. 1964. Sagebrush infested by leaf defoliating moth. J. Range Manage. 17:209-210.

Goodwin, Duwayne Leroy. 1956. Autecological studies of Artemisia tridentata, Nutt. Pullman, WA: State
College of Washington; 1956. 79 p. Ph. D. dissertation.

Grayson, D.K. 1993. The desert’ s past: a natural prehistory of the Great Basin. Washington, DC:
Smithsonian Institution Press. 356 pp.

Grossman, D. H., D. Faber-Langendoen, A. S. Weakley, M. Anderson, P. Bourgeron, R. Crawford, K.
Goodin, S. Landaal, K. Metzler, K. D. Patterson, M. Pyne, M. Reid and L. Sneddon. 1998.
International classification of ecological communities: Terrestrial vegetation of the United States.
Vol. I. The nationd vegetation classfication system: Development, status, and applications. The
Nature Conservancy. Arlington, VA, USA.

Hall, H. M. and F. E. Clements. 1923. The phylogenetic method in taxonomy: The North American
species of Artemisia, Chrysothamnus and Atriplex. The Carnegie Institute of Washington.
Washington, DC.

Hann, W. J,, J. L. Jones, M. G. “Sherm” Karl, P. F. Hessburg, R. E. Kean, D. G. Long, J. P. Menakis, C.
H. McNicoall, S. G. Leonard, R. A. Gravenmier, and B. G. Smith. 1997. An assessment of
ecosystem components in the Interior Columbia Basin and portions of the Klamath and Great
Basins, Vol. Il. Landscape dynamics of the basin. U.S. Dept. Agric., Pacific Northwest Res.
Stat., For. Serv. Gen. Tech. Rep. PNW-GTR-405, Portland, OR.

Harniss, R. O. and R. B. Murray. 1973. 30 years of vegetal change following burning of sagebrush-grass

Attachment 1-25



range. J. Range Manage. 26:322-325.

Hart, R. H., and B. E. Norton. 1988. Grazing management and vegetation response. In Tueller, P. T., ed.
V egetation science applications for rangeland analysis and management. Kluwer Academic
Publishers. Boston, MA. pp 493-525. Cited in Hann et al. (1997).

Harvey, S. J. 1981. Life history and reproductive strategies in Artemisia. Unpublished M.S. Thesis.
Bozeman, MT.

Heady, H. F. 1975. Range Management. McGraw-Hill, New York, NY. 460 p. Cited in Hann et a.
(1997).

Hironaka, M., M. A. Fosbergand A. H. Winward. 1983. Sagebrush-grass habitat types of southern Idaho.
Forest, Wildlife and Range Exper. Sta. Bull. No. 35. University of Idaho. Moscow, ID.

Hitchcock, C. L. and A. Cronquist. 1973. Floraof the Pacific Northwest. Univ. Washington Press.
Seattle, WA

Holechek, J. L. 1981. Brush control impacts on rangeland wildlife. J. Soil and Water Conserv.
36:265-269.

Holechek, J.L., H. Gomez, F. Molinar, and D. Galt. 1999. Grazing studies. What we've learned.
Rangelands 21:12-16.

Hopkins, William E. 1979. Plant associations of the Fremont Nationd Forest. USDA For. Ser.
R6-ECOL-79-004. Portland, OR.

Hopkins, W. E. and B. L. Kovalchik. 1983. Plant associations of the Crooked River National Grassland.
USDA For. Ser. R6-Ecol-133-1983. Portland, OR.

Hsiao, T. H. 1986. Biology and demography of the sagebrush defoliator and its impacts on big
sagebrush. Pp. 191-198in E. D. McArthur and B. L. Welch, compilers. Proceedings--symposium
on the biology of Artemisia and Chrysothamnus.; USDA For. Ser. Gen. Tech. Rep. INT-200.
Ogden, UT.

Jackson, A. S. 1965. Wildfires in the Great Plains grasslands. In: Proceedings, 4th annual Tdl Timbers
fire ecology conference; 1965 March 18-19; Tallahasee, FL. Tallahasee, FL: Tall Timbers
Research Station: 241-259.

Jeffries, D.L., and JM. Klopatec. 1987. Effects of grazing in the vegetation of the blackbrush association.
Journal of Range Management 40: 390-392.

Johansen, J.R. 1986. Importance of cryptogamic soil crusts to arid rangelands; implications for short
duration grazing. In: Tiedeman, J., editor: Short duration grazing, p. 58-64. Washington State
University, Pullman, WA.

Johnson, W. M. 1969. Life expectancy of asagebrush control in central Wyoming J. Range Manage.

Attachment 1-26



22:177-182.

Johnson, J. R. and G. F. Payne. 1968. Sagebrush reinvasion as affected by some environmental
influences. J. Range Manage. 21: 209-213.

Kaltenecker, J. H. 1997. The recovery of microbiatic crugts following post-fire rehabilitation on
rangelands of the western Snake River Plain. M S. Thesis. Boise State Univ. Boise, ID.

Kaltenecker, J. H. and M. Wicklow-Howard. 1994. Microbiotic soil crustsin sagebrush habitats of
southern Idaho. Unpubl. report. Boise State Univ. Boise, ID.

Kaltenecker, J., M. Wicklow-Howard, and R. Rosentreter. Biological soil crustsin three sagebrush
vegetation types recovering from long-term grazing. In:eds. Symposium on Shrubland Ecotones.
Ephraim, UT. 12-24 Aug. 1998.

Kichler, A. W. 1970. Potential natural vegetation. Nationd Atlas of the U. S. A. Government Printing
Office. Washington, DC.

Kuchler, A.W. 1985. Potential natural vegetation, National Atlasof the U. S. A. U. S. Department of the
Interior, Geological Survey. Reston, VA.

Larsen, K. D. 1995. Effectsof microbiotic crusts on the germination and establishment of three range
grasses. Unpublished thesis. Boise State University, Boisg, ID.

Laycock, W. 1967. How heavy grazing and protection affect sagebrush-grass ranges. J. Range Manage.
20:206-213.

MacCracken, J. G., L. E. Alexander, and D.W. Uresk. 1983. An important lichen of southeastern Montana
rangelands. J. Range Manage. 36:35-37.

Mack, R. N. and J. N. Thompson. 1982. Evolution in steppe with few large, hooved mammals. Am. Nat.
119:757-773.

Marble, J.R., and K.T. Harper. 1988. Effect of timing and grazing on soil-surface cryptogamic
communitiesin a Great Basin low-shrub desert: apreliminary report. Great Basin Naturalist
49:104-107.

McArthur, E. D. 1999. Sagebrush systematics and distribution. Pp. 9-14 in Entwhstle, P. G., A. M.
DeBolt, J. H. Kaltenecker, and K. Steenhof, compilers. 2000. Proceedings: Sagebrush Steppe
Ecosystems Symposium. Bureau of Land Management Publication No. BLM/ID?PT-
001001+1150, Boise, Idaho, USA.

McArthur, E. D. 1981. Shrub selection and adaptation for rehabilitation plantings. Pp. 1-8 in

Proceedings--shrub establishment on disturbed arid and semi-arid lands symposium; 1980
December 2-3; Laramie, WY. Laramie, WY: Wyoming Game and Fish Department.

Attachment 1-27



McArther, E. D., and S. C. Sanderson. 1999. Cytogeography and chromosome evolution of subgenus
Tridentatae Of Artemisia (Asteraceae). American Journal of Botany 86:1754-1775.

McArthur. E.D., J. Mudge, R. Van Buren, W. R. Andersen, S. C. Sanderson, and D. G. Babbel. 1998.
Randomly amplified polymorphic DNA anaysis (DAPD) of Artemisia subgenus Tridentatae
species and hybrids. Great Basin Naturalist 58:12-27.

. 1983. Taxonomy, origin, and distribution of big sagebrush (4rtemisia tridentata) and
allies (subgenus Tridentatae). Pp. 3-11in R. L. Johnson, ed. Proceedings of the first Utah shrub
ecology workshop. Utah State Univ. Logan, UT.

McArthur, E. D., A. C. Blauer, A. P. Plummer, and R. Stevens. 1979. Characteristics and hybridization of
important Intermountain shrubs. 111. Sunflower family. Res. Pap. INT-220. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Forest and Range Experiment Station.
82 p.

McArthur, E. D. and S. K Goodrich. 1986. Artemisia tridentata Spp. spiciformis: Distribution and
taxonomic placement. Pp. 55-57 in E. D. McArthur and B. L. Welch, compilers.
Proceedings--symposum on the biology of Artemisia and Chrysothamnus. USDA For. Ser. Gen.
Tech. Rep. INT-200. Ogden, UT.

McArthur, E. D. and P. Plummer. 1978. Biogeography and management of native western shrubs: A case
study, section Tridentatae of Artemisia. Great Basin Nat. Memoirs No. 2: 229-243.

McDonough, W. T. and R. O. Harniss. 1974. Seed dormancy in Artemisia tridentata Nutt. subspecies
vaseyana Rydb. Northwest Sci. 48:17-20.

McKenna-Neuman, C., C. D. Maxwell, and J. W. Boulton. 1996. Wind transport of sand surfaces crusted
with photoautotrophic microorganisms. Catena. 27:229-247.

Meyer, S. E. 1994. Germination and establishment ecology of big sagebrush: Implications for community
restoration. Pp. 244-251 in S. B. Monsen and S. G. Kitchen, eds. Proceedings- Ecology and
management of annua rangelands. USDA For. Ser. Gen. Tech. Rep. INT-GTR-313. Ogden, UT.

Miles, R. L. and S. G. Leonard. 1984. Documenting soil-plant relationships of selected sagebrush species
using the soil resource information system. Soil Sur. Hori. 25:22-26.

Miller, R. F.and J. A. Rose. 1999. Firehistory and western juniper encroachment in sagebrush steppe. J.
Range Manage. 52:550-559.

Miller, R. F., and P. E. Wigand. 1994. Holocene changesin semiarid pinyon-juniper woodlands:
Response to climate, fire, and human activitiesin the U. S. Great Basin. BioScience. 44:465-474.

Miller, R.F. and L.E. Eddleman. 2000. Spatial and temporal changes of sage grouse habitat in the

sagebrush biome. Technical Bulletin 151, Oregon State University, Agricultural Experiment
Station.

Attachment 1-28



Monsen, S. B. 1999. Establishment of big sagebrush (Artemisia tridentata) in semiarid environments. Pp
81-86 In Entwhistle, P. G., A. M. DeBolt, J. H. Kaltenecker, and K. Steenhof, compilers. 2000.
Proceedings. Sagebrush Steppe Ecosystems Symposium. Bureau of Land Management
Publication No. BLM/ID/PT-001001+1150, Boise, Idaho, USA.

Monsen, S. B. and N. L. Shaw. 1986. Response of an alkali sagebrush/fescue site to restoration treatments.
Pp. 126-133 in E. D. McArthur and B. L. Welch, compilers. Proceedings--symposium on the
biology of Artemisia and Chrysothamnus. USDA For. Ser. Gen. Tech. Rep. INT-200. Ogden, UT.

Morgan, P., G. H. Aplet, J. B. Haufler and others xx. 1994. Historicd range of variability: A useful tool
for evaluating ecosystem change. Pp. 87-111 in H. Sampson and D. L. Adams, eds. Assessing
forest ecosystem health in the inland West. Haworth Press, Inc. New Y ork.

Mozingo, H. 1986. Shrubs of the Great Basin. Univ. Nevada Press. Reno, NV.

Mueggler, W. F. 1956. Is sagebrush seed residual inthe soil of burns or isit wind-borne? Research Note
No. 35. USDA For. Ser. Intermountain Forest and Range Experiment Station. Ogden, UT.

. 1967. Voles damage big sagebrush in southwestern Montana. J. Range Manage. 20:88-
91.

Mueggler, W. F. and W. L. Stewart. 1980. Grassland and shrubland habitat types of western Montana.
USDA For. Ser. Gen. Tech. Rep. INT-66. Ogden, UT.

National Resource Council. 1994. Rangeland health: New methods to classify, inventory, and monitor
rangelands. National Academy Press. Washington, DC.

Nelle, P.J., K.P. Reese, and JW. connelly. 2000. Longterm effects of fire on sage grouse habitat. J. of
Range Manage. 53:586-591.

Pechanec. J., A. Plummer, J. Robertson and A. Hull. 1965. Sagebrush control on rangelands. USDA
Handbook No. 277. Washington, DC.

Pellant, M. 1994. History and applications of the Intermountain greenstripping program. Pp. 63-68 in S.
B. Monsen and S. G. Kitchen, eds. Proceedings - Ecology and management of annual rangelands.
USDA For. Ser. Gen. Tech. Rep. INT-GTR-313. Ogden, UT.

Personius, T.L., C.A. Wambolt, J.R. Stephens, and R.G. Kelsey. 1987. Crude terpenoid influence on mule
deer preference for sagebrush. J. Range Manage. 40:84-88.

Peters, E. F. and S. C. Bunting. 1994. Fire conditions pre- and post-occurrence of annual grasses on the
Snake River Plain. Pp. 31-36in S. B. Monsen and S. G. Kitchen, eds. Proceedings- Ecology and
management of annud rangelands. USDA For. Ser. Gen. Tech. Rep. INT-GTR-313. Ogden, UT.

Platou, K. A., and P. T. Tueller. 1985. Evolutionary implications for grazing management systems.
Rangelands. 7:57-61. Cited in Hann et al. (1997).

Attachment 1-29



Pringle, W. L. 1960. The effect of aleaf feeding beetle on big sagebrush in British Columbia. J. Range
Manage. 13:139-142.

Poulton, C. E. 1955. Ecology of the non-forested vegetation in Umatillaand Morrow Counties, Oregon.
Ph.D. diss. Washington State Univ., Pullman.

Rich, T. D. and C. Beardmore. 1997. Priority bird species by statein the Western U. S.: 1997 status
report. Western Working Group, Partners In Flight. Boise. ID.

Rosentreter, R. 1986. Compositiona patterns within a rabbitbrush (Chrysothamnus) community of the
Idaho Snake River plain. In: McArthur, E.D., and Welch, B.L., compilers:
Proceedings-symposium on the biology of Artemisia and Chrysothamnus; 1984 July 9-13; Provo,
UT. General Technical Report INT-GTR-200. U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 398 p.

Rosentreter, R. and R. G. Kelsey. 1991. Xeric big sagebrush, a new subspecies in the Artemisia tridentata
complex. J. Range Manage. 44:330-335.

Saab, V. A.,and T. D. Rich. 1997. Large-scale conservation assessment for Neotropical migratory land
birdsin the interior Columbia River Basin. USDA, Pacific Northwest Res. Sat., For. Serv. Gen.
Tech. Rep. PNW-GTR-399. Portland, OR.

St. Clair, L. L., J. R. Johansen and S. R. Rushforth. 1993. Lichens of soil crust communitiesin the
Intermountain area of the western United States. Great Basin Nat. 53:5-12.

Schultz, L. M. 1986. Taxonomic and geographic limits of Artemisia subgenus Tridentatae (Beetle)
McArthur (Asteraceae: Anthemidea). Pp. 20-28 in E. D. McArthur and B. L. Welch, compilers.
Proceedings—-symposum on the biology of Artemisia and Chrysothamnus; 1984 July 9-13; Provo,
UT. Gen. Tech. Rep. INT-200. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station: 126-133.

Sheehy, D. P. and A. H. Winward. 1981. Relative palatability of seven Artemisia taxato mule deer and
sheep. J. Range Manage. 34:397-399.

Stevens, R. and E. D. McArthur. 1974. A smple field techniquefor identification of some sagebrush
taxa. J. Range Manage. 27:325-326.

Stoddart, L. A., A. D. Smith, and T. W. Box. 1975. Range Management. Third ed. McGraw-Hill, New
York, NY. 532 p. Cited in Hann et a. (1997).

Sturges, D.L., and D.L. Nelson. 1986. Snow depth and incidence of a snowmold disease on mountain big
sagebrush. In: Durant E. McArthur and Bruce L. Welch (eds.), Proc. Symp. on the Biology of
Artemisia and Chrysothamnus. USDA Forest Serv. Gen. Tech. Rep. INT-200.

Tausch, R. T., P. E. Wigand, and J. W. Burkhardt. 1993. Viewpoint: Plant community thresholds,

multipl e steady states, and multiple successional pathways. Legacy of the quaternary? J. Range
Manage. 46:439-447.

Attachment 1-30



Tisdale, E. W. and M. Hironaka. 1981. The sagebrush-grass region: areview of the ecological literature.
Forest, Wildlife and Range Experiment Station. Bull. 33. Univ. Idaho. Moscow, ID.

Urness, P. J. 1966. Influence of range improvement practices on composition, production and utilization
of Artemisia deer winter rangein Cental Oregon. Ph.D. Diss., Oregon State University.

USDA. 1991. Ecologica classification and inventory handbook. FSH 2090.11. Washington, DC.

USDA Forest Service/USDI Bureau of Land Management. 2000a. Appendix 13a/n Interior Columbia
Basin Supplemental Draft Environmental Impact Statement, VVolume 2; Appendices. Interior
Columbia Ecosystem Management Project. March 2002.

USDA Forest Service/USDI Bureau of Land Management. 2000b. Pp 85-86 /n Interior Columbia Basin
Final Environmentd Impact Statement Proposed Decision. Interior Columbia Ecosystem
Management Project. December 2000.

USDI and USDA. 1995. Federal wildland fire management policy and program review: Final report.
USDI and USDA. Washington, DC.

USDI BLM. no date. Fire effectsin plant communities on the public lands. U.S. Department of the
Interior, Bureau of Land Management.

USDI BLM. 1991. Final environmental impact statement: V egetation treatment on BLM lands in thirteen
western states. Wyoming State Office. Cheyenne, WY.

Vallentine, J. F. 1990. Grazing management. Academic Press. San Diego, CA. 533p. Cited in Hann et
a. (1997).

Valentinge, J.F. and A.R. Stevens. 1994. Use of livestock to control cheatgrass-areview, p. 202-206, In:
Monsen, S.B., and S.G. Kitchen, compilers, Proceedings—ecology and management of annual
rangelands. General Technical Report INT-GTR-313, U.S. Department of Agriculture, Forest
Service, Intermountain Research Station, Ogden, Utah.

Volland, L. A. and J. D. Dell. 1981. Fire effects on Pacific Northwest forest and range vegetation. USDA
For. Ser. Pacific Northwest Region, Range Management and Aviation and Fire Management.
Portland, OR.

Wagstaff, F. L. and B. L. Welch. 1990. Rejuvenation of mountain big sagebrush on mule deer winter
ranges using onsite plants as a seed source. In McArthur, E. D., Romney, E. M., Smith, S. D.,
Tueller, P. T., compilers. Proceedings- Symposium on cheatgrass invasion, shrub die-off, and
other aspects of shrub biology and management. USDA For. Ser. Gen. Tech. Rep. INT-276.
Ogden, UT.

Wagstaff, F. L. and B. L. Welch. 1991. Seedstalk production of mountain big sagebrush enhanced
through short-term protection from heavy browsing. J. Range Manage. 44:72-74.

Walton, T. P., R. S. White, and C. L. Wambolt. 1986. Artemisia reproductive strategies: areview with

Attachment 1-31



emphasis on plains silver sagebrush. Pp. 67-74 in E. D. McArthur and B. L. Welch, compilers.
Proceedings—-symposium on the biology of Artemisia and Chrysothamnus. USDA For. Ser. Gen.
Tech. Rep. INT-200. Ogden, UT.

Wamboalt, C.L. and G.F. Payne. 1986. An 18-year comparison of control methods for Wyoming big
sagebrush in southwestern Montana. J. Range Manage. 39:314-319.

Wambolt, C.L. 1996. Mule deer and elk foraging preference for four sagebrush taxa. J. Range Manage.
49:499-503.

Wambolt, C. L. and H. W. Sherwood. 1999. Sagebrush response to ungulate browsing in Y ellowstone. J.
Range Manage. 52:363-369.

Wamboalt, C. L., R. G. Kelsey, T. L. Personius, [et a. xx]. 1987. Preference and digestibility of three big
sagebrush subspecies and black sagebrush as related to crude terpenoid chemistry. Pp. 71-73 in
F. D. Provenza, J. T. Flinders, and E. D. McArthur, compilers. Proc. Symp. Plant-Herbivore
Interactions. USDA For. Ser. Gen. Tech. Rep. INT-222. Ogden, UT.

Watts, M.J. and C.L. Wambolt. 1996. L ong-term recovery of Wyoming big sagebrush after four
treatments. J. Environmental Manage. 46:95-102.

Welch, B. L. and E. D. McArthur. 1979. Feasibility of improving big sagebrush (4rtemisia tridentata)
for use on mule deer winter ranges. Pp. 451-457 in J. R. Goodin and D. K. Northington, eds.
Arid land plant resources. Texas Tech. Univ. Lubbock, TX.

WEelch, B. L., F. J. Wagstaff and G. L. Jorgensen. 1990. ‘Hobble Creek’ mountain big sagebrush seed
production. Pp. 167-170 in E. D. McArthur, E. M. Romney, S. D. Smithand P. T. Tueller,
compilers. Symposium on cheatgrass invasion, shrub die-off and other aspects of shrub biology
and management. USDA For. Service Gen. Tech. Rep. INT-276.

Welch, B. L., F. J. Wagstaff, J. A. Roberson. 1991. Preference of wintering sage grouse for big
sagebrush. J. Range Manage. 44: 462-465.

West, N. E. 1999. Synecology and disturbance regimes of sagebrush steppe ecosystems. Pp. 15-26 in
Entwistle, P. G., A. M. DeBolt, J. H. Kaltenecker, and K. Steenhof, compilers. Sagebrush Steppe
Ecosystems Symposium. BLM Pub. No: BLM/ID/PT-001001+1150. Boise, ID.

West, N. E. and J. A. Young. 2000. Intermountain valleys and lower mountain slopes. Pp. 255-284 in
M. G. Barbour and W. D. Billings, eds. North American terrestrial vegetation. Cambridge Univ.
Press. Cambridge U. K.

West, N. E. and M. A. Hassan 1985. Recovery of sagebrush-grass vegetation following wil dfire. J. Range
Manage.38:131-134.

Western State Sage Grouse Committee. 1982. Sage grouse management practices. Western States Sage
Grouse Committee Tech. Bull. #1. Twin Falls, ID.

Attachment 1-32



Whisenant, S. G. 1986. Herbicide usein Artemisia and Chrysothamnus communiti es: Reducing damage
to nontarget species. Pp. 115-121 in Proceedings. Shrubland ecosystem dynamicsin a changing
environment, J. R. Barrow, E. D. McArthur, R. E. Sosebee and R. J. Tausch, compilers. USDA
Forest Service Gen. Tech. Rep. INT-GTR-338. Ogden, UT, USA.

1990. Changing fire frequencies on Idaho’ s Snake River Pains: Ecological and
management implications. Pp. 4-10in E. D. McArthur, E. M. Romney, S. D. Smithand P. T.
Tueller, compilers. Symposium on cheatgrass invasion, shrub die-off and other aspects of shrub
biology and management. USDA For. Service Gen. Tech. Rep. INT-276.

White, R. S. and P. O. Currie. 1983. The effects of prescribed burning on silver sagebrush. J. Range
Manage. 36:611-613.

White, R. S. and P. O. Currie. 1984. Phenological development and water relations in Plains silver
sagebrush. J. Range Manage. 37:503-507.

Winward, A. H. 1980. Taxonomy and ecology of sagebrush in Oregon. Ag. Exper. Sta. Bull. 642. Oregon
State Univ. Corvallis, OR.

. 1983. Using sagebrush ecology in wildland management. Pp. 15-19 in K. L. Johnson, ed.
Firgt Utah shrub ecology workshop. Utah State Univ. Logan, UT.

. 1985. Fire in the sagebrush-grass ecosystem--the ecological setting. Pp. 2-6 in K. Sanders
and J. Durham, eds. Rangeland fire effects; a symposium. U.S, Department of the Interior, Bureau
of Land Management, Idaho State Office. Boise, ID.

Winward, A. H., J. C. Connelly, and J. Bohne. pers. comm. 2001. Recommendations discussed during a
December 7, 2001, meeting at the U.S. Forest Service Region 4 office, Ogden, UT.

Winward, A. H. and E. W. Tisdale. 1977. Taxonomy of the Artemisia tridentata complex in Idaho. For,
Wildl. And Range Exp. Sta. Bull. 19.

Wisdom, M. J., R. S. Holthausen, D. C. Lege, B. C. Wales, W. J. Murphy, M. R. Eames, C. D. Hargis, V.
A. Saab, T. D. Rich, F. B. Samson, D. A. Newhouse and N. Warren. 2000. Source habitats for
terrestrial vertebrates of focusin the Interior Columbia Basin: Broad-scale trends and

management implications. U.S. Dept. Agric., For. Serv., Pacific Northwest Res. Stat. Gen. Tech.
Rep. PNW-GTR-485, Portland, OR.

Wright, Henry A. 1972. Shrub response to fire. In: McKell, Cyrus M.; Blaisdell, James P.; Goodin, Joe
R., eds. Wildland shrubs--their biology and utilization: Proceedings of a symposium; 1971 July;
Logan, UT. Gen. Tech. Rep. INT-1. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station; 204-217.

Wright, H. A. and A. W. Bailey. 1980. Fire ecology and prescribed burning inthe Great Plains--a
research review. USDA For. Ser. Gen. Tech. Rep. INT-77. Ogden, UT.

Attachment 1-33



Wright, Henry A.; Bailey, Arthur W. 1982. Fire ecology: United States and southern Canada. New Y ork:
John Wiley & Sons. 501 p.

Wright, H. A., L. F. Neuenschwander and C. M. Britton. 1979. The role and use of fire in sagebrush-grass
and pinyon-juniper plant communities: A state-of-the-art review. USDA For. Ser. Gen. Tech.
Rep. INT-58. Ogden, UT.

Y oung, Richard P. 1983. Fire as avegetation management tool in rangelands of the Intermountain
Region. Pp. 18-31in S. B. Monsen and N. Shaw, compilers. Managing Intermountain
rangel ands—-improvement of range and wildlife habitats. USDA For. Ser. Gen. Tech. Rep.
INT-157. Ogden, UT.

Young, J. A.and R. A. Evans. 1971. Medusahead invasion as influenced by herbicides and grazing on
low sagebrush sites. J. Range Manage. 24: 451-454.

Young, J. A.and R. A. Evans. 1975. Germinability of seed reservesin a big sagebrush community.
Weed Sci. 23:358-364.

Young, JA., and R.A. Evans. 1978. Population dynamics after wildfires in sage-brush grasslands. J. of
Range Management. 31 :283-2809.

Young, J. A.and R. A. Evans. 1989. Dispersal and germination of big sagebrush (4rtemisia tridentata)
seeds. Weed Sci. 37:201-206.

Zschaechner, G. A. 1985. Studying rangeland fire effects: a case study in Nevada. Pp. 66-84 in K.

Sanders and J. Durham, eds. Rangdand fire effects. Proceedings of the symposium. U.S.
Department of the Interior, Bureau of Land Management. |daho State Office. Boise, ID.

Attachment 1-34



Appendix A. Summary of Artemisia species and subspecies characteristics, site preferences, and
management responses.

The summaries that follow are presented in three groups, associaed primarily with soil
temperature gradient. These groups are derived from the ordination of major sagebrush taxa against
gradients of soil temperature and soil moisture presented by West and Y oung (2000), but do not
necessarily reflect the soil moisture gradient component of the ordination. Also, the West and Y oung
ordination depicts silver sagebrush, which they assign to the Dwarf Sagebrushes of Cooler Sites, only to
the species level. Based on known and probabl e soil temperature relations, all three subspecies of silver
sagebrush in these summaries are placed in that group. The first common name shown for species isthat
used by McArthur (1999). Additional common names in the summaries are from other sources.

Dwarf Sagebrushes of Warmer Sites

Bigelow sagebrush Artemisia bigloveii

Black sagebrush A. nova

Pygmy sagebrush A. pygmaea

L ow sagebrush A. arbuscula spp. arbuscula

Stiff sagebrush A.rigida

Tall threetip sagebrush A. tripartita SPp. tripartita
Large Sagebrushes

Sand sage A. filifolia

Xeric big sagebrush A. xericensis

Wyoming big sagebrush A. tridentata SPp. wyomingensis

Basin big sagebrush A. tridentata SPp. tridentata

Rothrock sagebrush A. rothrockii

Mountain big sagebrush A. tridentata Spp. vaseyana

Snowbank big sagebrush A. tridentata SPp. spiciformis

Dwarf Sagebrushes of Cooler Sites

Wyoming threetip sagebrush  A. tripartita sSpp. rupicola
Alkali sagebrush A. longiloba

Cleftleaf sagebrush A. arbuscula Spp. thermopola
Coaltown sagebrush A. argilosa

Silver sagebrush A. cana pp. viscidula
Bolander silver sagebrush A. cana Ssp. bolanderi

Plains silver sagebrush A. cana Sp. cana

Information in the summaries pertaining to states of occurrence, leaf persistence, elevation, flowering
periods, habit, vegetation spreading, seed/pound, moisture regime, and soil are from Borland (1998)
unless otherwise indicated. Other information is from literature as cited in the text.

Two highly recommended internet sources of sagebrush information are the PLANTS database of the
Natural Resource Conservation Service, http://plants.usda.gov/plants, and the Fire Effects Information
System (FEIS) database, http://www.fs.fed.us/database/feis. Asof January 2002, the FEIS contained 21
Artemisia Species and subspecies. The following summaries address most of the speciesincludedin the
FEIS, and additional species and subspecies that are not in the FEIS database.
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Dwarf Sagebrushes of Warmer Sites

Species: Artemisia biglovii

Common Names: Bigelow sagebrush, flat sagebrush, slender gray sagebrush

States of Occurrence: Texas (west), Colorado (south), New Mexico, Arizona, Utah, Nevada,
California

Deciduous or Evergreen: Deciduous above, |ate deciduous below

Elevation: 3,200-8,000'

Flowers: August to October

Habit: Low, spreading, 8-16" tall

Vegetative Spreading: Stem layersrarely

Seed/lb: 2,710,000

Moisture Regime: Dry tovery dry

Soil: Rocky, sandy

Soil Moisture: Aridic

Soil Temperature: Mesic

Fire Tolerance: Intolerant This speciesisin the FEIS database.

Response to Fire: Bigelow sagebrush is severely damaged or killed by fire (McArthur 1981) and burned
areas are reoccupied through on-site or wind-borne seed (Wright et al.1979). Bigelow sagebrush does not
sprout after fire or other disturbance (Wright et al. 1979, Walton et al.1986). Little is documented
concerning the germination requirements or seedling establishment of Bigelow sagebrush. The timing of
burn may influence recovery rates of many shrubs in sagebrush-grassland communities (Wright et al.
1979).

Response to Browsing: No information
Response to Mechanical Treatment: No information
Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seeds/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Warmer Sites

Artemisia nova

Black sagebrush, little black sagebrush, small sagebrush
Great Basin

Evergreen

4,500-9,500'

August to October

Erect from spreading base, 6-18" tall

None

907,000

Dry

Calcareous with rocky pavement, stony, wel-drained, thin pH 6.5-7.5
Aridic

Mesic

Intolerant This speciesisin the FEIS database.

Response to Fire: Black sagebrush ishighly susceptible to fire. Plants are readily killed by all fire
intensities and do not sprout (Wright et al. 1979). Itsintricate branches, low stature and non-sprouting
habit makeit very vulnerable (Volland and Dell 1981) where fires can carry through this community.
Following burning, reestablishment occurs through off-site seed sources (Tisdale and Hironaka 1981,
Wright et al.1979, Y oung 1983). Information concerning reestablishment after burning is lacking.
Effective soil moisture and patterns of burning have an influence upon the rate of site recovery.

Historically fire has had little or no influence in communities dominated by black sagebrush (Winward
1985). Typically the sparse vegetation of maost black sagebrush stands precludes the occurrence of fire
(Clary 1986). Infact, dwarf sagebrush speciesare commonly recognized as potential natural fire bresks.
Beardall and Sylvester (1976) found that low sagebrush communitiesin Nevada did not burn on a hot day
in mid-August despite wind speeds of up to 25 miles per hour (40.3 km per hour). Use of prescribed
burning is not usually feasible where black sagebrush forms dense stands.
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Species: Artemisia nova

Since black sagebrush stands do not readily burn, existing response data involves information obtained
from study sites where this speciesis not a dominant vegetation component. In Utah, West and Hassan
(1985) found no evidence of black sagebrush reestablishment up to 2 yearsfollowing alate July fire.
Most black sagebrush seeds are dispersed dose to the parent plant. Firein thistypeis not recommended.

Response to Browsing: Black sagebrush was consistently reduced in cover by both cattle and sheep
winter grazing (Clary 1986). On some stes, reduction were severe. Low-elevation stands experienced the
greatest reductions. Moderate use during mid-winter appears to be compatible with maintaining black
sagebrush cover (Clary 1986).

Black sagebrush sites also often have well developed biological crusts dueto the cal careous nature of

many of the site soils. These crusts also sometimes have a high proportion of nitrogen-fixing species.

Mechanical trampling damage can be very detrimental to the health of these sites, particul arly through
damage to conditions for seedling establishment.

Response to Mechanical Treatment: No information
Response to Herbicides: All varietiesof Artemisia are readily killed by herbicides (Pechanec et al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seeds/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Warmer Sites

Artemisia pygmaea

Pygmy sagebrush

Within the Great Basin of Nevada, Utah to northern Arizona, Uinta Basin
of Utah and Colorado

Evergreen

5,200-7,500'

August to September

Cushion-like, 8-10" tall

None

440,000

Very dry

Calcareous, clay, gravels, gypseous, shale
Aridic

Mesic-frigid

Intolerant This speciesisin the FEIS database.

Response to Fire: Pygmy sagebrush iskilled by fire but readily reoccupies a site through seed (Beetle
1960, McArthur et al. 1979). It does not resprout following fire or other disturbance (Beetle 1960, Walton

et. al. 1986).

Response to Browsing: No information

Response to Mechanical Treatment: No information

Response to Herbicides: All varietiesof Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,

Whisenant 1986).

Attachment 1-39



Species:

Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative spreading:
Seeds/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Warmer Sites

Artemisia arbuscula SSp. arbuscula

L ow sagebrush, gray |ow sagebrush, scabland sagebrush, dark sagebrush,
little sagebrush, dwarf sagebrush

Southern Colorado to western Montana, through Utah, Idaho to northern
Cadlifornia, Oregon, and Washington

Evergreen

3,000-12,200

August to September

Dwarf, irregular shape 15-20", 15-30" wide

Seldom layers

980,000

dry

Harsh, infertile, alkaline, rocky, shallow, hardpan, gravelly, cadcic
Aridic

Mesic

Intolerant This subspeciesisin the FEIS database.

Response to Fire: Gray low sagebrush is a nonsprouter which is readily killed by fire (Britton and
Ralphs 1979, Beetleand Johnson 1982). It reestablishes on burned sites through smdl, light,
wind-dispersed seed but this may require 10 years or more (Young 1983). Many gray low sagebrush
communities are characterized by a depauperate understory with significant amounts of exposed soil and
rock, and stands often lack enough fuelsto carry afire (Beardall and Sylvester1976, Blaisddl et al. 1982,
Bunting et a. 1987). Consequently, fires in gray low sagebrush communities are comparatively rare. In
fact, these sites can even be used as fuel bresks (Young and Evans 1971, Y oung 1983).

The posshility of fireisincreased during years of above-average precipitation which can resultin
increased herbaceous growth. Thisis especially true on sites that have been invaded by weedy species
such as medusahead (Taeniatherum caput-medusae) or cheatgrass (Bromus tectorum) (Bunting et al.
1987, Y oung and Evans 1971). Recovery time of gray low sagebrush following fireisvariable and is
described as "slow to rapid." Recovery may occur within 2 to 5 years under favorable conditions but may
reguire more than 10 years on harsh sites.
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Species: Artemisia arbuscula SSp. arbuscula

Even when conditions allow fire spread, prescribed burning in low sagebrush sites often produces few
benefits (Blaisdell et al. 1982., Y oung 1983); many experts recommend against widespread burning in low
sagebrush types (Bunting et al.1987). Erosion may also be a problem on many harsh sites where
revegetation proceeds very slowly. Reliable prescriptions have not yet been developed for usein low
sagebrush habitat types (Blaisdell et al.1982).

Response to Browsing: A. arbuscula sites are greatly preferred by mule deer and domestic sheep
(Sheehy and Winward 1981). Trampling damage can occur on sites supporting this taxa because soilsare
often saturated in early spring (Hironaka et al. 1983). Livestock should be kept off low sagebrush sites
until soils have dried out. These sites also have the potential for well developed biological crusts where
the soil surface is covered by rock. Mechanical trampling damage can be particularly detrimental to the
establishment of A. arbuscula seedlings on these sites.

Response to Mechanical Treatment: No information

Response to Herbicides: Thistaxais readily killed by herbicides (Tisdale and Hironaka 1981).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seeds/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Warmer Sites

Artemisia rigida

Stiff sagebrush, scabland sagebrush

Columbia River Basin of eastern Washington, Oregon, and western Idaho
Deciduous

3,000-7,000'

September to October

Low, spreading, with thick, brittle branches, to 16" tall
Possible root sorouts

550,000

Dry

Rocky, shallow

Xeric

Mesic

Intolerant This speciesisin the FEIS database.

Response to Fire: Preliminary tests suggest tha stiff sagebrush does not sprout after clipping to a height
of 1to1.5inches (3-4 cm) (Tisdale and Hironaka 1981). Establishment following fire depends on off-site
seed. Because stiff sagebrush does not sprout, it islikely that it would be killed by most fires. The sparse
herbaceous understory of stiff sagebrush stands makethem practically immuneto fire (Tisdale and
Hironaka 1981); consequently they can be used for fire control lines (Clifton 1981).

Response to Browsing: Thistaxais heavily browsed by big game animalsin winter but the effects of
this are not known (Hironaka et al. 1983). The shalow, rocky soils where stiff sagebrush often grows are
good sites for the development of biological crusts. Mechanical trampling damage may occur, thus
degrading the site’'s capability for new seedling establishment.

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,

Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Warmer Sites

Artemisia tripartita SPp. tripartita
Tall threetip sagebrush, Idaho threetip sagebrush

British Columbia south through Washington to Nevada, east to northern
Utah and western Montana

Evergreen to early deciduous

3,000-9,000'

August to September

Erect, freely branching, 6’ tall

Root sprouts, stem layers, stump sprouts
2,490,000 estimated

Semi-dry

Moderate to deep, well-drained, loamy, sandy
Aridic - xeric

Mesic

Varies from tolerant to intolerant. See Response to Fire discussion. This
speciesisin the FEIS database, but not to the subspecies|evel.

Response to Fire: Tall threetip sagebrush can sprout or layer following fire (Beetleand Johnson 1982,
Hironaka et al. 1983, Winward 1985). In some areas, fire may cause alarge number of plants to sprout.
However, Hironaka et al. (1983) caution that there may be significant ecotypal variation in this taxa and
that populations in different areas may respond differently to the same burn conditions.

Fires can spread in threetip sagebrush stands (Britton 1979) and kill aerial plant parts. The shrub can
reestablish through stump-sprouting and layering (Mueggler and Stewart 1980). Beetle (1960) notes that
tall threetip sagebrush sprouts vigorously from the stump following fire; layering may also occur. Volland
and Dell (1981) list the shrub as a weak sprouter in Oregon and Washington.

Response to Browsing: No information

Response to Mechanical Treatment: No information
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Species: Artemisia tripartita SPpP. tripartita

Response to Herbicides: All varietiesof Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Large Sagebrushes
Artemisia filifolia
Sand sagebrush, threadleaf sagebrush, oldman sagebrush

South Dakota to Wyoming, Colorado, Nebraska, Kansas, Texas, Utah,
Nevada, New Mexico, Oklahoma, south to Chihuahua, Mexico

Semi-deciduous

2,700-7,500'

August to September

Freely branched, rounded, 2-4' tall
None

3,135,000

Dry

Sandy, deep

Xeric

Mesic

See Response to Firediscussion. This speciesisinthe FEIS database.

Response to Fire: Specific fire adaptations of sand sagebrush are not well documented. In the northern

Texas panhandle, sand sagebrush is considered a " nonsprouter' (Wright et al. 1972) and is often severely
damaged or evenkilled by fire (U. S. Department of the Interior, Bureau of Land Management. [no date],
Wright et al. 1972). Conversely, it is described as a fire-tolerant species capable of resprouting after fire
in the southern Great Plains (Wright and Bailey1980, 1982).

Ecotypic differences in sprouting capabilities obviously exist. Similarly, differencesin season of burn,
soil characteridics, fire intensity and severity, and climatic factors may also influence the sprouting ability
of sand sagebrush. Many sand sagebrush stands are characterized by an abundance of exposed sand and
sparse understory vegetation. Fires are probably infrequent on such sites. Fires, however, have been
historically important in many grassland or shrubland communities of the Great Plains and Southwest
which support the growth of sand sagebrush (Jackson 1965). Fires presumably carry well in sand
sagebrush stands with a dried herbaceous understory of forbs and grasses.
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Species: Artemisia filifolia

Sand sagebrush quickly reoccupies burned sites with an abundance of seedlings (Jackson 1965). It is not
known if sand sagebrush typically resprouts, or if reestablishment is through seed. Sand sagebrush
produces an abundance of light, wind-dispersed seed, and relaively rapid reestablishment through off-site
sourcesis frequently possible. Grazing may slow recovery of sand sagebrush following fire.

Areas dominated by sand sagebrush, shinnery oak, and skunkbush sumac (Rhus trilobata) in Texas and
eastern New Mexico have been burned to promote forbs and to encourage new shrub. Such fires can
enhancethe value of these areas to mule deer and other wildlife species. Recommended procedure isto
burn small patchesof 5 acres or less in years with greater than normal fall and winter precipitation. The
patches should be left unburned for 10 to 12 years and scattered more than 0.25 miles apart to encourage
mule deer utilization of these areas (Bryant and Morrison 1985). Burning small patches or swaths
minimizes adverse impacts on many wildlife speciesincluding small birds (Davis et al. 1974, Holechek
1981). Lesser prairie chickens are more mobile than many other species and can reportedly tolerate brush
control on blocks of 370 to 740 acres (150-300 hectares) (Holechek 1981).

Response to Browsing: No information
Response to Mechanical Treatment: No information
Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Large Sagebrushes
Artemisia tridentata SPp. xericensis
Xeric big sagebrush, Scabland big sagebrush
West central 1daho
Evergreen
2,500-4,500'
Early August
More branched paniculate inflorescence than mountain big sagebrush
Radiate with uneven-top (compared to mountain big sagebrush)
2,500,000 (Best estimate)
Semi-dry
Basdltic and granitic soils
Xeric
Mesic

Intolerant This subspecies is not in the FEIS database.

Response to Fire: Firesin this habitat burn very hot, killing associated perennial species such as
Agropyron spicatum. Natural replacement after fire is by exotic medusahead (Teaniatherum caput-
medusae) and cheatgrass (Bromus tectorum)with successional trends towards squirreltail (Sizanion
hystrix) and later, bluebunch wheatgrass (Pseudoroegneria spicata) (Rosentreter and Kelsey 1991).

Response to Browsing: This species tendsto increasein density if the understory is grazed. The deep
soils encourage the shrubs to devel op deep root systems, allowing annual grasses to occupy much of the
upper s0il profile beneath and adjacent to the shrub canopy (Rosentreter and Kelsey 1991).

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,

Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Large Sagebrushes
Artemisia tridentata SPp. wyomingensis
Wyoming big sagebrush

Wyoming Basin eas to Montana, Wyoming, Colorado, Idaho, North
Dakota

Evergreen

5,000-7,000'

Late July to September

Basally branched, rounded, uneven topped, 4-38" tall

None

1,215,000-3,000,000

Dry

Dry, shalow, well-drained, gravelly, fine-textured silt-loams
Aridic-Xeric

Mesic-frigid

Intolerant This subspeciesis in the FEIS database.

Response to Fire: Wyoming big sagebrush is readily killed by fire. If the foliageis exposedto a
minimum temperature of 194°F for a period of a least 30 seconds, the plant will die. Inessence, any fire
passing through a plant will cause mortality (Britton and Clark 1985). Some plantsin Montana were
reported to have survived the burning of lower branches.

Site productivity affects the ease with which big sagebrush will burn. Highly productive sites have greater
plant density and more biomass which provide more fuel to carry afire. Within the three mgjor
subspecies of big sagebrush, mountain big sagebrush (ssp. vaseyana) is most flammable, basin big
sagebrush (ssp. tridentata) is intermediate, and Wyoming big sagebrush is least flammable (Britton and

Clark 1985).
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Species: Artemisia tridentata SPp. wyomingensis

Prolific seed production and high rates of germination enables big sagebrush to reestablish rapidly after
fire. Wind-, water-, and animal-carried seed contribute to regeneration on a site (Goodwin 1956, Tisdde
and Hironaka 1981). Soil-stored seed is thought to be important in the reestablishment of mountain big
sagebrush (ssp. vaseyana) (Mueggler 1956). On-site seed storage permits rapid reestablishment even
where most shrubsin an area are eliminated.

Postfire reestablishment of Wyoming big sagebrush has not been widely documented. On xeric Wyoming
big sagebrush sites, several years may be required for seedling establishment to occur (Clifton 1981,
Wambolt and Payne 1986, West and Hassan 1985, Y oung and Evans 1978). During years of low
precipitation, few sagebrush plants may become established, and it may take many years before
recolonization takes place. Inthe Great Basin, these sites are at very high risk for permanent degradation
as aresult of invasion by exotic plants. Even under favorable conditions, site recovery may take 60-100
years.

Response to Browsing: In acentral Wyoming study, grazing was shown to have a pronounced effect on
the longevity of a Wyoming big sagebrush control effort. On plots which had been sprayed but not
grazed, sagebrush remained in areduced state for 14 to 17 years. Fourteen years after spraying, the
number of young plants was about 30 percent less than on the untreated plots. The number of mature
plants was about 50 percent below that measured on the control. After 17 years, the number of young
plants on sprayed and grazed plots was much greater than that for unsprayed and grazed, or sprayed and
ungrazed areas. The increase in sagebrush cover and concomitant decreasein forage began 5 years after
treatment. Part of the measured decrease in forage production may be dueto the tendency of livestock to
utilize the treated areas more heavily, reducing the vigor of understory plants (Johnson 1969).

Response to Mechanical Treatment: Mechanical or chemical treatments are generally most suitable for
wyomingensis Sites because there often is insufficient fine fuels to allow for controlled burns (Hironaka et
al. 1983).

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986). In acentral Wyoming study, plots which had been sprayed but not grazed, has
sagebrush in areduced statefor 14to 17 years. Fourteen years after spraying, the number of young plants
was about 30 percent less than on the untreated plots. The number of mature plantswas about 50 percent
below that measured on the control. After 17 years, the number of young plants on sprayed and grazed
plots was much greater than that for unsprayed and grazed, or sprayed and ungrazed areas. The increase
in sagebrush cover and concomitant decrease in forage began 5 years after treatment. Part of the
measured decreasein forage production may be due to the tendency of livestock to utilize the treated areas
more heavily, reducing the vigor of understory plants (Johnson 1969).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:
Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Large Sagebrushes
Artemisia tridentata SPp. tridentata

Basin big sagebrush, big sagebrush

Montana south to New Mexico and al western states, extreme southwest
North Dakota

Evergreen
1,500-10,600'
August to October

Erect, spreading, heavily branched, uneven topped, 3-6 (15)’ tall, 5-8'
wide

None

2,500,000

Semi-dry

Deep, well-drained, fertile, coarse to fine
Aridic-xeric

Frigid-mesic

Intolerant This subspeciesisin the FEIS database.

Response to Fire: Adult big sagebrush plants are killed by most fires. If sagebrush foliage isexposed to
temperatures above 195 degrees Fahrenheit (90 deg C) for longer than 30 seconds, the plant dies (Britton
and Clark 1985). Prolific seed production from nearby unburned plants coupled with high germination
rates enable seedlingsto establish rapidly following fire. Wind-, water-, and animal-carried seed
contribute to regenerati on on a site (Goodwin 1956, Johnson and Payne 1968, Tisdale and Hironaka

1981).

Site productivity affects the ease with which big sagebrush will burn. Highly productive sites have greater
plant density and more biomass, providing more fuel to carry afire. Of the three major subspecies of big
sagebrush, basin big sagebrush is considered intermediate in flammability. Mountain big sagebrush is
most flammable, and Wyoming big sagebrush is least flammable (Britton and Clark 1985).

The rate of stand recovery depends on the season of burn as, season affects the availability of seed,
postfire precipitation patterns, and the amount of interference offered by other regenerating plant species,
particularly exotic annual grasses (Britton and Clark 1985, Daubenmire 1975, Zschaechner 1985).
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Species: Artemisia tridentata SPp. tridentata

Where sagebrush stands are dense, rangd and fire may stimulate the growth of forage plants and increase
their accessibility. Grazing must be closely monitored in the podfire stand. If the vigor of understory
plantsislow or their cover is reduced too greatly, newly bared soil may become a seedbed for sagebrush
rather than the desired grasses and forbs. Where big sagebrush has been removed by chemicad means, it
has regained its pretreatment cover in 17 years on stands where grazing was not controlled (Johnson
1969).

Response to Browsing: Browsing impact generally is not an issue because this taxa has low palatability
for both wildlife and domestic livestock (Hironaka et al. 1983). However mechanical trampling damage

to soil crusts does occur when these sites are grazed during the hot, dry season. The result is soil erosion
and amuch less suitable substrate for the establishment of new 4. t. ridentata seedlings.

Response to Mechanical Treatment: No information
Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Large Sagebrushes
Artemisia rothrockii
Rothrock sagebrush, timberline sagebrush

Southern California (Uncertain about Wyoming, Colorado, Nevada, or
Utah)

Evergreen

8,500-11,000

August to September

Wide, low, 4-32" tall, 1-2' wide
Stem layersand root sprouts

No information

Dry

Deep, fine to coarse, well-drained
Xeric

Frigid-cryic

Tolerant This speciesis not in the FEIS database.

Response to Fire: No information

Response to Browsing: No information

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,

Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Large Sagebrushes

Artemisia tridentata SPp. vaseyana

Mountain big sagebrush, Vasey sagebrush

Throughout the Rocky Mountains
Evergreen

4,600-10,000'

July to September

Spreading, even-topped, 2-4 (6)’ tall
Stem layersrarely
1,760,000-2,500,000

Semi-dry

Deep, well drained, pH +-7.0

Udic

Cryic

Intolerant This subspeciesisin the FEIS database.

Response to Fire: Fire return intervals in mountain big sagebrush communities historically were 12-15
years (Miller and Rose 1999). Plants are easily killed by firein all seasons by even light intensity fires
(Blaisdell et al. 1982). Mountain big sagebrush will not resprout, but this taxa can rapidly reestablish itself
from seed under thetypicdly more mesic conditions of vaseyana sites (Harniss and Murray 1973).
Seedlings on burned-over areas arise both from seed introduced into the area from an adjacent unburned
seed source and from seed stored in the soil that remains viable after burning. Seed present in the upper
soil layers can be simulated during low to moderate severity fires (Hironaka et al. 1983, Mueggler 1956).
Reproductive maturity may occur in 3to 5 years. Preburn density and cover may be achieved in 15 to 20
yearsunder favorable conditions (Hironaka et al. 1983).

Mesic site conditions and fuel discontinuities may result in unharmed mountain big sagebrush plants or
groups of plants within light and moderately severe burns. Whereas the normally mesic site conditions
often preclude severe burns, severe wildfires are more likely to occur on steep, south dopes during hot,
dry summers. Such severe fires leave few unburned plants and consume most of the seed stored in the
litter and upper soil. These sites also are highly susceptible to invasion by exatic plants.
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Species: Artemisia tridentata SPp. vaseyana

Rapid reestablishment and growth of sagebrush isaided by: 1) reduction in bunchgrasses, 2) suitable soil
surface moisture conditions for seedling establishment, and 3) the tendency of soil stored seed to be
stimulated by fire. Natural establishment of seedlings may be slow where severe burns occur on steep
slopes because of unstable soil surface conditions, intense surface temperatures, and poor moisture
conditions. It may take 30 years or more before preburn dendties and coverages of mountain big
sagebrush areregained on severe burns. Rapid reestablishment is more likely on sandy or gravelly soils
which are well suited for supporting sagebrush but have poor potential for herbaceous plants. Sagebrush
returns slowly on fine-textured soils with good potential for production of herbaceous species (Blaisdell et
al. 1982, Hironaka et al. 1983).

Response to Browsing: Thistaxais relatively palatable and provides an important source of browse for
wintering big game (Hironaka et al. 1983). Effects of browsing are not known.

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986). Up to 90% canopy reduction can be obtained with 2,4-D, dicamba, picloram or
clopyralid. The latter compound is preferred where this sagebrush occurs with bitterbrush (Purshia
tridentata) or serviceberry (Amelanchier sp.). Clopyralid has relatively minor effects on members of the
Rosaceae (Whisenant 1986).
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Large Sagebrushes

Species: Artemisia tridentata Spp. spiciformis, also described as
A. t. vaseyana form spiciformis

Common Names: Subal pine big sagebrush

States of Occurrence: Colorado, northcentral Wyoming, southeastern Idaho, central Utah
(see McArthur and Plummer 1978, Schultz 1986, M cArthur and Goodrich
1986)

Deciduous or Evergreen: Evergreen

Elevation: 8,800-10,000'

Flowers: July to September

Habit: 2-4 tall

Vegetative Spreading: Stem layers

Seed/Ib: No information

Moisture Regime: Semi-dry

Soil: Basic, deep

Soil Moisture: Udic

Soil Temperature: Cryic

Fire Tolerance: Tolerant This subspecies is not in the FEIS database.

Response to Fire: Winward (1985) reportsthat this form will resprout following fire, whichis especially
significant asit is the only member of the big sagebrush group with this capacity. No other information
on thistaxaisavalable.

Response to Browsing: No information

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Dwarf Sagebrushes of Cooler Sites

Species: Artemisia tripartita SPp. rupicola

Common Names: Wyoming three-tip sagebrush

States of Occurrence: Central and southeast Wyoming

Deciduous or Evergreen: Evergreen to early deciduous

Elevation: 7,000-9,000'

Flowers: August to September

Habit: Decumbent, 6" tall, 12-20" wide

Vegetative Spreading: Root sprouts, stem layers, and sump sprouts
Seed/lb: 2,490,000 (Estimate)

Moisture Regime: Semi-dry

Soil: Rocky, gravelly, shallow to deep

Soil Moisture: Xeric

Soil Temperature: Frigid-cryic

Fire Tolerance: Tolerant This speciesisin the FEIS database, but not to the

subspecies level.

Response to Fire: Wyoming threetip sagebrush can sprout from its root crown following fire (Beetle
1960, 1977; Winward 1985). It may also layer (Beetle 1960). Fire on some sites occupied by its sister
taxa, A. tripartita tripartita, may cause alarge number of plants to sprout. However, Hironaka et al.
(1983) caution that there may be significant ecotypal variation in thistaxa and that populationsin different
areas may respond differently to the same burn conditions.

Wyoming threetip sagebrush can stump-sprout or sprout from its rootcrown following fire (Beetle 1960,
Beetle 1977). However, sprouting ability varies considerably regionally, indicating that several ecotypes
may exist (Barrington et «1.1988, Bunting et al. 1987).

Response to Browsing: No information

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec ef al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Cooler Sites

Artemisia longiloba

alkali sagebrush, early sagebrush, longleaf sagebrush

Foothills on both sides of the Continental Divide, west to southwest
Montana, Utah, Idaho, Nevada, Oregon

Not persistent

5,500-8,000'

June

Spreading, 6-9 (18)” tall

Stem layers

2,655,000

Semi-dry

Alkaline shales, light to tight clays, shallow, claypan
Xeric

Frigid-cryic

Intolerant

This speciesisin the FEIS database.

Response to Fire: Prescribed burning on early sagebrush sites has rarely been attempted because the
understory isnormally not sufficient to carry fire (Monsen and Shaw 1986). The two publications on this
species arein conflict astoitsfire tolerance. A mid-June burnin an early sagebrush/lIdaho fescue stand
resulted in spotty kills, leaving enough seed to ripen on unburned shrubs to provide a good seed source. A
large number of the burned shrubsrecovered viaregrowth from remaining branches. However, Dealy et
al. (1981) report that early sagebrush does not sprout from the root or stump and reestablishes following
fire via seed.

One year after a mid-June burn there was a 26 percent reduction of early sagebrush. Burning can be used
to reduce shrub density and isa good tool if retention of some shrubsisdesired. Shrub seedlings could
increase rapidly if a sufficient understory is not present to control early sagebrush through competition
(Monsen and Shaw 1986).

Response to Browsing: Trampling damage can occur on sites supporting this taxa because soils are often
saturated in early spring (Hironaka et al. 1983).
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Species: Artemisia longiloba

Response to Mechanical Treatment: Discing resulted in a 65% reduction in total shrub population one
year later while chaining resulted in a 33% reduction. Seedling establi shment was poor as seeds may have
been buried too deeply by these treatments. Thisimpairment of seedling establishment persisted for five
years following treatment. Further, the vigor of mature plants declined more rapidly on the treated sitesas
compare to the controls suggesting that mechanical damage continued to takeatoll. Basal and root
sprouting did not occur and plants were killed if the main stem was uprooted or cut off. Generally,

discing is a more severe treatment than chaining (Monsen and Shaw 1986).

Response to Herbicides: Spraying with 2, 4-D resulted in a complete eradication of sagebrush cover

(Monsen and Shaw 1986) and the reductions persisted longer than on the disced and chained sites.
Spraying must be completed early in the season (by 20 May in southern Idaho) to be effective.
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Species:

Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Cooler Sites

Artemisia arbuscula SPp. thermopola

cleftleaf sagebrush, hotsprings sagebrush, thermopola sagebrush, low
sagebrush

Southern Colorado to western Montana, through Utah, 1daho to northern
California, Oregon, and Washington

Evergreen

5,000-9,000'

August to September

Spreading, 6-9 (12)” tall, 12-16" wide

None

980,000

Semi-dry

Sterile, often volcanic, shallow, claypan, non-cacic
Possibly xeric

Frigid-cryic

Intolerant This subspeciesisin the FEIS database.

Response to Fire: Evidence suggeds that cleftleaf sagebrush isreadily killed by fire. It is not known to
sprout, but reestablishes through light, off-site, wind-dispersed seed from surviving plants adjacent to the
burn, asisthe case for most Artemisia taxa. Gray low sagebrush can recover within 2to 5 years with
favorable conditions, but more than 10 years may be required under |ess favorable circumstances
(Hopkins and Kovalchik 1983). However, recovery time isnot well documented.

L ow sagebrush communities are characterized by much exposed soil and surface rock along with alower
speciesrichness and density of forbs and grasses than tha found in many other Artemisia types. Many
stands lack sufficient fuels to carry afire even on hot days with winds up to 40 kmvhr (25 mph) (Bearddl
and Sylvester 1976, Bernard and Brown 1977, Blackburn et al. 1969). Consequently, firesin cleftleaf
sagebrush communities are probably rare. The probability of fire increases as herbaceous growth
increases as aresult of above-average precipitation or increased protection from grazing (Blackburn et al.
1969). Weedy species such as medusahead and cheatgrass will increase flammability of low sagebrush
stands (Blackburn et al. 1969, Hopkins 1979). Gray low sagebrush has been successfully used as a
fuelbreak when adjacent big sagebrush communities have been burned (Hitchcock and Cronquist 1973,

Hopkins and Koval chik 1983).
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Species: Artemisia arbuscula SPp. thermopola

Prescribed fires may not be possible or desirable in cleftleaf sagebrush stands. Firesin most low
sagebrush communities produce relatively few benefits (Beardall and Sylvester1976, Blackburn et al.
1969, Hopkins and Kovalchik 1983).

Response to Browsing: A. arbuscula sites are gresatly preferred by mule deer and domestic sheep
(Sheehy and Winward 1981). Trampling damage can occur on sites supporting this taxa because soilsare
often saturated in early spring (Hironaka et al. 1983). Livestock should be kept off low sagebrush sites
until soils have dried out.

Response to Mechanical Treatment: No information
Response to Herbicides: All varietiesof Artemisia are readily killed by herbicides (Pechanec et al.1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Cooler Sites

Artemisia argilosa
Coaltown sagebrush
Jackson County, Colorado
Deciduous

8,000

July to August

Erect, 20-32" tall

None

No information

No information

Strongly akaline, poor drainage, shaley
Udic

Cryic

Tolerant This speciesis not in the FEIS database.

Response to Fire: No information

Response to Browsing: No information

Response to Mechanical Treatment: No |nformation

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al.1965,
Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,

Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Cooler Sites
Artemisia cana Spp. viscidula
Mountain silver sagebrush, silver sagebrush, coaltown sagebrush

Southwest Montana to New Mexico, west to Arizona, Nevada, Utah, and
Idaho

Not persistent

5,500-10,000

August to September

Erect, thickly branched, 3.3 tall
Stem layersand root sprouts
2,200,000

Semi-dry

Deep, rich loams

Udic

Cyric

Tolerant This subspeciesisin the FEIS database.

Response to Fire: Fire effects information on mountain silver sagebrush has not been widely
documented. Studies on the morphologically similar plains silver sagebrush indicate that the extent to
which plants survive burning is directly related to fireintensity and severity. Totally consumed plants
sustain higher mortalities than those less thoroughly burned. Thistrend is further accentuated by season
of burning; more plants survive spring burns than fall burns (White and Currie 1983). Apparently soil
moisture and phenological stage at the time of burning have asignificant influence on plant survival
(White and Currie 1984) aswell.

Information from related species indicates that silver sagebrush resprouts vigorously viaroot sprouts and
rhizomes following fire (Beetle 1960, Winward 1985). Apparently, however, resprouting abilities differ
between the mountain (ssp. viscidula) and high desert (ssp. bolanderi) subspecies (Y oung 1983).
Postburn regeneration also involvesthe germination of off-site, wind-dispersed seed (Wright et a. 1979).
Preburn coverages are rapidly regained in most cases. Studies on plainssilver sagebrush indicate that as
burn intensity and severity increase, plant mortality also increases and regrowth decreases (White and

Currie 1983).
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Species: Artemisia cana Spp. viscidula

Herbaceous production is potentially quite high on mesic sites characterized by mountain silver sagebrush
(Winward 1980), and dense stands are candidates for control measures. Although burning appears to be
an effective means of managing plant densitiesin the plains subspecies, the degree to which these data
apply to mountain slver sagebrush is unknown. The mesic nature of most areas dominated by this
subspecies suggests that burns must be well-timed, especially where shrub control is an objective.

Response to Browsing: No information
Response to Mechanical Treatment: No information
Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al. 1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:

Dwarf Sagebrushes of Cooler Sites

Artemisia cana Spp. bolanderi

Bolander silver sagebrush, white sagebrush, silver sagebrush
Central Oregon, western Nevada, eastern California
Evergreen to deciduous

Up to 5,000

August to September

Erect, spreading, much branched, 8-24" tall

Stem layersand root sprouts

846,000-2,200,000

Moist

Soil: Extremely clayey, alkdine, granitic

Soil Moisture: Possibly Udic

Soil Temperature: Frigid-cyric

Fire Tolerance: Tolerant This subspeciesis in the FEIS database.

Response to Fire: Bolander silver sagebrush resprouts vigorously from the root crown (Beetle 1960,
Dealy et al. 1981) and rhizomes following most fires, suggesting that this taxon is adapted to higher fire
return frequencies. Postfireregeneration also involves the germination of wind-dispersed seed (Volland
and Ddll 1981, Wright et al. 1979, Hironaka et al.1983). In most cases, recovery isrelatively repid. Fire
response information on the silver sagebrush complex as awholeindicates that densitiesare rapidly
regained and even enhanced fol lowing burning.

The ability of Bolander silver sagebrush stands to carry fire islow because of seasondly high water tables
and sparse understories. Plant manipulation viaprescribed burning in communities dominated by this
subspecies appears questionabl e because few species are adapted to the moisture regimes and alkaline
soils characterized by these sites (Dealy et a/.1981, White and Currie 1983).

Response to Browsing: No |nformation
Response to Mechanical Treatment: Silver sagebrush can regenerate from root sprouts following

disturbance (Harvey 1981, Walton et al. 1986) and can recover quickly following mechanical disturbance
(Urness 1966).
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Species: Artemisia cana Spp. bolanderi

Response to Herbicides: All varieties of Artemisia arereadily killed by herbicides (Tisdale and Hironaka
1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986, Whisenant 1986).
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Species:
Common Names:

States of Occurrence:

Deciduous or Evergreen:

Elevation:

Flowers:

Habit:

Vegetative Spreading:
Seed/lb:

Moisture Regime:
Soil:

Soil Moisture:

Soil Temperature:

Fire Tolerance:

Dwarf Sagebrushes of Cooler Sites

Artemisia cana Spp. cana

Plains silver sagebrush, silver sagebrush, hoary sagebrush

Southern Alberta, Saskatchewan south through Montana, western and
central North Dakota, South Dakota, Wyoming, northwest Nebraska, and
northern Colorado

Evergreen to deciduous

5,000-10,000'

August to September

Erect, rounded, freely branched, 3-5' tdl

Root spouts, rhizomes, and stem layers

846,000-2,200,000

Moist

Coarse, well-drained, deep, loam to sandy pH 6.5-8.5

Udic

Cyric

Tolerant This speciesisin the FEIS database.

Response to Fire: Like 4. c. bolanderi, the ahility of this taxon to sprout suggests a history of higher fire
return intervas and an adaptation to burning. Plants that are not killed by fire regorout vigorously, both
through basal and root sprouts, and may return to pre-burn canopy coverage in three years. Plants that are
burned annually up to three consecutive years, and naot killed, will continue to sprout, although vigor

declines substantially.

Burning causes complete top-kill of plains silver sagebrush regardless of the degreeto which aerial plant
parts are consumed. The extent to which plants survive burning, however, is directly related to fire
intensity. Totally consumed plants sustain higher mortalities than those less thoroughly burned. This

trend isfurther accentuated by season of burning asit relates to fire severity and plant phenology. More
plants survive spring burns than fall burns (White and Currie 1983, 1984).

This range in plant response suggeststhat fire can be an effective method of managing plant densities, at
least over periods of afew years. On winter ranges where this subspecies is apalatable forage, spring
burning can be used to enhance plant coverages and rejuvenate stands. Where plant control is deemed
necessary, fall burning can drastically reduce coverages. Silver sagebrush apparently experiences
moisture stress as the season progresses, which is compounded in thick stands (White and Currie 1984).
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Species: Artemisia cana SPp. cana

Response to Browsing: Big game browse on silver sagebrush but are not known to cause obvious
reductions in extent. Livestock do not use this taxa.

Response to Mechanical Treatment: No information

Response to Herbicides: All varieties of Artemisia are readily killed by herbicides (Pechanec et al. 1965,

Tisdale and Hironaka 1981, Western States Sage Grouse Committee 1982, Monsen and Shaw 1986,
Whisenant 1986).
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Appendix B. Microbiotic crust evaluation form and example.

INSTRUCTIONS FOR USING THE MATRIX

The matrix is split into two main parts: 1) The potential for microbiotic crust development based on
biological and physical factors and 2) The potential for management actions to negatively impact
microbiotic crusts.

1. Potential for microbiotic crust development based on biological and physical factors.

The first step in use of the matrix is to determine whether or not the site hasthe potential to
support awell-developed microbiotic crust. Knowledge of local ecological sites (particularly soil
characteristics and vegetation potential) is essential for use of the matrix. The factors listed are
closely related and are components of the ecological site description, however variation in any one factor
can influence microbiotic crust cover and its relative importance to the ecological stability of the site.

In general, ecological sites dominated by shrubs listed in the first column will consistently have a
well-devdoped microbiotic crust. The main characteristic that will modify crust cover is soil surface
texture. For example, low sagebrush communities often have awell-developed microbiotic crust. Low
sagebrush communities occurring on cal careous, gravelly loams and silt loams (such as alluvial deposits
from the Lemhi Range) have well developed lichen crugts that occupy fine-textured, mineral soil within
the gravel matrix (and, in fact, are protected by the gravel). In constrast, low sagebrush communities
occurring on rocky, well-drained, rhyolitic soilsin the Owyhee Mountains have little potential for crust
development due to high cover of rock fragments and coarser, rhyolite-derived soils.

A second important cut is the potential herbaceous plant density. Note that mountain big
sagebrush is listed in the "moderate”, "low", and "very low" columns. Communities at the drier end of the
mountain big sagebrush zone will have greater cover of biological crust due to lower density of
herbaceous plants, limited by effective precipitation. More productive sites will have mosses and lichens
occuring beneath a dense herbaceous layer. However the vascular plant component has higher cover and is
moreimportant in these communitiesfor soil protection relative to the microbictic crug.

Status of existing vegetation on the site is determined using the "Current ecological condition™ or
categories under "Artificial seedings’. Sites where vegetation structure has been modified due to
introduction of invasive weeds or rhizomatous grasses seeded into areas that naturally supported
bunchgrass vegetation will have reduced potential for microbiotic crust. Sites that have become dominated
by annual species such as cheatgrass or medusahead wildrye have lowered potential for microbiotic crust
development due to high plant density, litter accumulation, and frequent fire. Microbiotic crusts will
recover on burned sites seeded with bunchgrasses, forbs and shrubs, if the resulting community structure
issimilar to that of the potential natural community and contains open interspaces.

2. Potential for management actions to negatively impact microbiotic crusts.

After determination of the potential for micrabiotic crust development, livestock impacts can be
evaluated using two criteria: season of use and utilization levels (from monitoring data). Microbiotic
crusts require moisture for growth and reproduction, however moisture requirements are minute compared
to vascular plants. Growth is promoted by cool season, as opposed to summer, moisture. Microbiotic
crusts are fragile when dry (dormant), but quite pliable when moist. The least impact occurs when the
crust ismoig or frozen. Regrowth potential is greatest during periodswhen cool season maistureis
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consistent for several weeks. For example, late fall use has low impacts because: 1) the microbiotic crust
islikely to be moist and pliable due to dew, frost, and periodic rain; 2) thereis a considerable length of
time between the period of use and the dry, hot season. Late spring use may also occur under conditions
listed in #1 above, however, the dry, hot season isimminent and the crust may not have time to recover
from trampling impacts viareattachment and regrowth. Once the crust is fragmented, the soil surfaceis
vulnerable to erosion by wind and water. In addition, the crust fragments can be removed from the site
along with surface soil, reducing the potential for future recovery.

V egetation utilization isrepresentative of stocking rates or length of grazing period. Hoof action
impacts the crust (the crust is not grazed). Severe to high utilization isindicative of localized
concentration of animals and heavy trampling. Again, trampling impactswill be somewhat dependent on
season of use and soil texture.
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Microbiotic Crust Evaluation

Impacts of livestock grazing on microbiotic crust are judged to be significant, present but not
significant or not present. Thisjudgment isbased upon data (incorporate data here) and/or
completion of the following matrix.

Potential for microbiotic crust development based on physical and biological factors (based on site potential):

>Moderate

High

>Low

>Very Low

Dominant shrub or
tree

salt desert shrub
Wyoming big sage-
brush, basin big
sagebrush, low
sagebrush, black
sagebrush, stiff
sagebrush, Bigelow
sagebrush

Wyoming big sagebrush
basin big sagebrush
mountain big sagebrush
low sagebrush

black sagebrush

stiff sagebrush

mountain big sagebrush
xeric big sagebrush
subal pine big sagebrush
threetip sagebrush, silver
sagebrush, alkali sage-
brush, fuzzy sagebrush,
juniper, pinyon pine

mountain big sagebrush
mountain shrub

Herbaceous plant low low-moderate moderate-high high

density

Dominant bunchgrass bunchgrass rhizomatous rhizomatous

herbaceous life form

Annual precipitation | < 12" 12-14" >14-16" >16"

Soil surface texture silts loamy sandy coarse sand
silt loams gravel or broken rock
clays (excluding (>80% rock fragment)
shrink/swell clays)

Historical fire return | >50 years 25-50 years 10-25 years <10 years

interval

Current ecological
condition

mid- to late-sera or
potential natural

early- to mid-seral

disturbed to early-seral

disturbed with/without
high weed cover

community
Artificial Seedings:
Date since seeding >20 years 10-20 years 5-10 years <5 years
Primary seeded life- bunchgrasses bunchgrasses rhizomatous grasses rhizomatous grasses

forms

Potential for management actions to impact microbiotic crusts:

High >Moderate >Low >Very Low
Livestock summer late spring early spring winter
season of use early fall late fall
Vegetation severe to high moderate light slight
utilization
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Microbiotic Crust Evaluation - Completed Example

1. Potential for microbiotic crust development based on biological and physical factors (based on site potential):

High

>Moderate

>Low

>Very Low

Dominant shrub or
tree

salt desert shrubv’
Wyoming big
sagebrush

basin big sagebrush
low sagebrush
black sagebrush
stiff sagebrush

Wyoming big sagebrush
basin big sagebrush
mountain big sagebrush
low sagebrush

black sagebrush

stiff sagebrush

mountain big sagebrush
xeric big sagebrush
subalpine big sagebrush
threetip sagebrush, silver
sagebrush, alkali sage-
brush, fuzzy sagebrush,
juniper, pinyon pine

mountain big sagebrush
mountain shrub

Herbaceous plant lowy low-moderate moderate-high high

density

Dominant herbaceous bunchgraSS\/- bunchgrass rhizomatous rhizomatous

life form

Annual precipitation <12"v 12-14" >14-16" >16"

Soil surface texture siltsv loamy sandy coarse sand
silt loams gravel or broken rock
clays (excluding (>80% rock fragment)
shrink/swell clays)

Historical fire return >50 years v 25-50 years 10-25 years <10 years

interval

Current ecological
condition

mid- to late-sera or
potential natural

early- to mid-seral

disturbed to early-seral v

high weed cover

community
Artificial Seedings:
Date since seeding >20 years 10-20 years 5-10 years <5 years
Primary seeded life- bunchgrasses bunchgrasses rhizomatous grasses rhizomatous grasses

forms

2. Potential for manage

ment actions to negatively impact microbiotic crusts:

High >Moderate >Low >Very Low
Livestock summer late spring early spring winter
season of use early fall late fall v
Vegetation utilization severe to high v moderate light slight

The top of the matrix indicates the potential for microbiotic crust cover ishigh and season of use by
livestock should result in low impact to the crust. However, level of use when livestock are present is
high (e.g. >80% utilization). Thisindicates that impacts of livestock on microbiotic crust are probably
significant due to vegetation uselevels and the associated trampling impacts. Field observations support
this analysis as microbiotic crust is present but highly fragmented (clumps <1" inch diameter) and
primarily restricted to protected areas under shrubs. Reducing livestock numbers would probably result in
improved cover and distribution of microbiotic crust.
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Appendix C. Principles of Cumulative Effects Analysis

The foll owing principles of cumulative effects anaysis are reproduced from Considering
Cumulative Effects Under the National Environmental Policy Act, Chapter 1: Introduction to Cumul ative
Effects Analysis, prepared by the Council on Environmental Quality.

1. Cumulative effects are caused by the aggregate of past, present, and reasonably foreseeable
future actions.
The effects of a proposed action on a given resource, ecosystem, and human community include
the present and future effects added to the effects that have taken place in the past. Such
cumulative effects must also be added to effects (past, present, and future) caused by all other
actions that affect the same resource.

2. Cumulative effects are the total effect, including both direct and indirect effects, on a given
resource, ecosystem, and human community of all actions taken, no matter who (federal,
nonfederal, or private) has taken the actions.

Individud effects from disparate activities may add up or interact to cause additional effects not
apparent when looking at the individual effects one at atime. The additional effects contributed
by actions unrel ated to the proposed action must be included in the analysis of cumulative effects.

3. Cumulative effects need to be analyzed in terms of the specific resource, ecosystem, and human
community being affected.
Environmental effects are often evaluated from the pergpective of the proposed action. Analyzing
cumulative effects requires focusing on the resource, ecosystem, and human community that may
be affected and developing an adequate understanding of how the resources are susceptible to
effects.

4. It is not practical to analyze the cumulative effects of an action on the universe; the list of
environmental effects must focus on those that are truly meaningful.
For cumulative effects analysis to help the decision-maker and inform interested parties, it must
be limited through scoping to effectsthat can be evaluated meaningfully. The boundaries for
evaluating cumulative effects should be expanded to the point at which the resourceis no longer
affected significantly or the effects are no longer of interest to affected parties,.

5. Cumulative effects on a given resource, ecosystem, and human community are rarely aligned
with political or administrative boundaries.
Resources typically are demarcated according to agency responsibilities, county lines, grazing
alotments, or other administrative boundaries. Because natural and sociocultural resources are not
usually so aligned, each political entity actually manages only a piece of the affected resource or
ecosystem. Cumulative effects analysis on natural systems must use natural ecological boundaries
and analysis of human communities must use actual sociocultural boundaries to ensure including
all effects.

6. Cumulative effects may result from the accumulation of similar effects or the synergistic
interaction of different effects.
Repeated actions may cause effects to build up through smple addition (more and more of the
same type of effect), and the same or different actions may produce effects that interact to produce
cumulative effects greater than the sum of the effects.
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Appendix C. Principles of Cumulative Effects Analysis (continued)

7. Cumulative effects may last for many years beyond the life of the action that caused the effects.
Some actions cause damage lasting far longer than the life of the actionitself (e.g., acid mine
drainage, radioactive waste contamination, species extinctions). Cumulative effects analysis needs
to apply the best science and forecasting techniques to assess potential catastrophic conseguences
in the future.

8. Each affected resource, ecosystem, and human community must be analyzed in terms of he
capacity to accommodate additional effects, based on its own time and space parameters.
Analysts tend to think in terms of how the resource, ecosystem, and human community will be
modified given the action’ s development needs. The most effective cumulative effects analysis
focuses on what is needed to ensure long-term productivity or sustainability of the resource.
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